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ABSTRACT
Animal use and welfare in toxicity testing arej a m ajo r^concern. These issues have been 
recognised by the scientific community and a number of in vitro assays, intended to reduce the 
use of animals, are under various stages of development However there are currently no in vitro 
models that can provide data directly applicable to human skin irritation. This thesis aimed to 
assess the suitability of the human keratinocyte as an in vitro model for predicting skin irritation 
potential in man. The incorporation of human tissue into a cell culture model is a major 
advantage of an in vitro approach as it enables direct interspecies conq)arison.
The measurement of intracellular acid phosphatase (AP) activity has been shown to give an early 
indication of toxicity in rat tongue epithelial (RTE) cells. Neutral Red (NR) uptake and AP were 
chosen as endpoints of cytotoxicity and, in preliminary studies with SDS, were measured in 
cultures of human kératinocytes (HK) and 3T3 cells. AP in HK cultures exhibited a peak 
activity. The peak produced in 3T3 cells was negligible in comparison. AP may therefore be a 
speciHc indicator of cytotoxicity in kératinocytes. Further studies were carried out which 
compared in vitro AP and NR uptake data with in vivo data. Both assays exhibited good: 
correlations with animal rank order data but showed poor correlations with human data. The 
good rank correlation between the two assays and in vivo animal data implies a relationship 
between cytotoxicity measured in vitro, and skin irritation in animals.
Cell culture techniques normally require the test material to be diluted in culture medium which 
precludes the testing of insoluble compounds. The NR release assay was investigated using 
A431 cells, as a possible model for testing insoluble cosmetic formulations. However, results 
compared poorly with the available in vivo human skin irritation data for the same formulations.
An alternative to conventional submerged cell culture methods is the growth of kératinocytes at 
the air-liquid interface. Attempts were made to grow human kératinocytes at the air-liquid 
interface for 14 days, but results obtained were not reproducible.
A cytotoxicity assay, if used in isolation from other assays, may only provide information on 
cell viability and.therefore would provide little information on the mechanisms of irritation. 
Primary irritation in human and animal skin is characterised by an inflammatory reaction 
mediated by arachidonàte metabolites and cytokines. Preliminary studies measured the release of 
inflammatory mediators following exposure to SDS. A cytotoxic response was confirmed by the 
NR uptake assay. A dose-related release of inflammatory mediator was observed although large 
inter-experimental variations in release were seen. Further studies were carried out using 4 more 
chemicals. In contrast, inter-experimental variation was slight and statistically significant 
increases in mediator levels were demonstrated at non-cytotoxic concentrations. The assays were 
also able to distinguish between non-irritants and severe irritants. It may be possible to use this 
information to predict, to some extent, mechanisms of inflammation.
I . f
Multiple mechanisms are involved in the process of skin irritation and therefore it is unlikely 
that one in vitro assay alone would be able to predict human skin irritancy effectively. Data 
presented in this thesis imply that the combination of a cytotoxicity assay and a mediator release
assay may prove useful in a battery for routine screening of compounds. The development of 
suitable in vitro assays, to replace animal testing, is ultimately limited by the problem of 
obtaining relevant in vivo data before appropriate comparisons can be made. However, 
inflammatory mediator release assays are based on the underlying mechanisms of inflammation 
and as such comparisons with in vivo data are not essential
n
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1. Introduction
Skin, the largest organ of the body, covers an area of 1.6-1.8 to a depth of 3-5 mm and
constitutes approximately 10% of normal body weight. Its overall function is that of a barrier 
between the individual and the environment, providing protection from microbiological, 
physical and chemical trauma. In addition, the skin partially regulates water loss, is an important 
source of sensory input, and is the major organ concerned with temperature regulation.
From a toxicological point of view the skin is one of the first lines of defence against the 
harmful effects of environmental chemicals. Skin contact is the most common form of exposure 
to chemical substances either in the home or in the workplace. If these substances are irritant 
exposure may result in dermatitis/eczema or more persistent lesions. In order to avoid these 
adverse reactions it is necessary to identify the irritative potential of a substance, so that 
preventative measures can be employed to minimise the possibility of skin damage in the 
anticipated use conditions.
1.1. Structure and Function of the Skin
An understancting of skin anatomy is important in order to investigate skin toxicology. Several 
excellent reviews of this subject can be found in Weiss and Greep, (1977), Ham (1974), Marzulli 
and Maibach, (1983), Eckert and Rorke, (1989), Emmett, (1991) and Ali and Oehme (1992) 
which were utilised as a basis for the following description of skin structure and function.
The skin consists of two different layers derived from different germ layers (Figure 1.). The 
thinner, outer layer (epidermis) is a tightly bound stratified squamous epithelium, 2  to 8 layers 
thick, derived from ectoderm. This layer is covered by keratin, a physically tough, insoluble 
protein product of epidermal cell differentiation. The epidermis overlies the thicker, relatively 
inert inner layer (dermis), which constitutes approximately 90-95% of the mass of human skin. 
Skin thickness varies with location in humans, but the epidermis is approximately 0.1 mm and 
the dermis 1-4 mm thick. In regions of haired skin the epidermis is at its thinnest, while skin on 
the palms and soles has a much thicker epidermis. This type of skin has a thick layer of keratin.
Figure 1. A Cross Section of Human Skin (Emmett, 1991).
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whereas elsewhere the keratin layer is relatively thin. The dermis is thinnest on the face and 
thickest on the back and thighs.
The epidermal-dermal region lies on a third layer of subcutaneous adipose tissue (hypodermis). 
This tissue determines the contours of the body. It constitutes a reserve of metabolic energy and 
provides thermal insulation as well as mechanical protection for deeper structures.
1.1.1. The Epidermis
Early in gestation the epidermis is a simple undifferentiated monolayer of cells. As development 
progresses this simple structure changes and a complex stratifled epithelium emerges. The 
presence of a stratifled layer of cells is more advantageous than a monolayer. Firstly, the stem 
cell population, responsible for replenishing the stratified epithelium, can be placed deep within 
the layer and is therefore protected from injury. Secondly, the upper layers of cells provide a 
protective covering. The epidermis consists of four distinct cell types : kératinocytes, 
melanocytes, Langerhans cells and Merkel cells.
1.1.hl. Kératinocytes
The predominant cell type within the epidermis is the keratinocyte, an epithelial cell that 
differentiates to produce keratin. There are three distinct phases to the life of a keratinocyte ; 1) 
growth and proliferation 2) maturation and outward displacement 3) desquamation. The 
epidermis can be divided into several layers, or strata : stratum germinativum (basal layer), 
stratum spinosum (spinous layer), stratum granulosum (granular layer) and stratum comeum (the 
outermost layer). A fifth layer, the stratum lucidum, can only be seen in examples of thick skin.
Keratinocyte growth begins in the basal layer of the epidermis where there is a population of 
proliferating cells. Basal cells are attached to the basal lamina (separating the epidermis from the 
dermis) by hemidesmosomes and to surrounding cells by desmosomes. Cells are columnar- 
cuboidal and contain keratin filaments. Basal stem cells divide to produce daughter cells under 
the control of extrinsic and intrinsic factors. After division these cells will either remain in the 
basal layer as a stem cell or they may move outwards, embarking on a course that eventually
leads to terminal differentiation. What determines the fate of these daughter cells is unknown, 
but one suggestion is that if contact is lost with the basal lamina the cells differentiate. In the 
human, the transit time for a cell within the living epidermis is 12-14 days and within the 
stratum comeum 15 days, giving a total life span of approximately 28 days. In psoriasis, 
however, the rate of basal cell proliferation is accelerated leading to an increase m epidermal 
thickness and cells are shed, before they kefatinise fully, within as little time as a week. These 
transit times are shorter for certain experimental animal species, most of which have a much 
thinner epidermis than humans.
As cells move from the basal layer to the stratum spinosum they flatten and develop many 
intercellular junctions, which interconnect kératinocytes. The name of this layer comes from the 
large number of spot desmosomes which q>pear as spines (or prickles) by light microscopy. The 
stratum spinosum is several cells thick. (Zells are irregular and polyhedral in shape and their 
cytoplasm contains fibrous inclusions (tonofrbrils) which are a prelude to the formation of 
keratin.
In transition from the stratum spinosum to the stratum granulosum further morphological 
changes occur and cells become more flattened and diamond-shaped ie. they become squamous. 
Electron dense keratohyalin granules, containing profilaggrin, a precursor of the protein 
filaggrin, thought to aid in the aggregation of keratin filaments, form along the length of the 
tonofibrils. The cells of this layer also have lipid-frUed lamellar (membrane coating) granules as 
well as all the typical organelles and activities of a living cell.
The next layer is only seen in thick skin. When visible it is thin and appears as a clear bright 
homogeneous line, for this reason it is called the stratum lucidum. Cells in this layer contain 
eleidin, a lipid-like substance, which is probably a transformation product of the keratohyalin 
observed in the stratum granulosum. (Zells are still nucleated, but have opaque membranes and 
dense cytoplasm.
A transition zone exists between the stratum granulosum and the stratum comeum separating 
living and dead epidermis. Here, all cellular organelles are digested by enzyme action. Lamellar 
granules fuse with the plasma membrane and release lipid contents into the extra-cellular space. 
These lipids are then remodelled resulting in neutral lipid-rich sheets (important in "water­
proofing" the epidermis). Also in this zone keratin filaments are restructured and comified 
(cross-linked) envelopes formed.
The stratum comeum signifies the terminal point in keratinocyte differentiation. Here, the eleidin 
of the stratum lucidum has become transformed into keratins, which account for about 80% of 
the comified cell. The cells become flattened and keràtin filaments align into disulphide cross- 
linked macrofibres, under the influence of filaggrin, the protein component of the keratohyalin 
granule. The cell has a highly insoluble comified envelope within the plasma membrane, formed 
by cross-linking of the soluble protein precursor involucrin. The water content of the stratum 
comeum varies from 10-70% depending on extemal environmental conditions. Maturation of 
neighbouring kératinocytes is synchronised in waves so that keratin is arranged in sheets. What 
were once living epithelial cells have become dead, homy scales that adhere to one another 
tightly except at the surface, where they desquamate. All the cellular features described above 
contribute to the formation of an impermeable, irq)enetrable, tightly cohesive sheet, which is the 
critical characteristic of the epidermis in its protective role.
1.1,12, Melanocytes
The melanocyte has a small round nucleus and dendritic processes, which weave through the 
stratum spinosum and may even reach the stratum granulosum. This cell sits on the basal lamina 
apart from other melanocytes and slightly below the basal kératinocytes. Their density varies 
between body regions, but is relatively constant between individuals and races. Their only 
function is to produce melanin, a pigment that gives colour to skin and hair, and protects 
underlying tissue from ultraviolet radiation, ie. acts as a sunscreen. Melanin is formed in 
specialised organelles called melanosomes, which are transferred to kératinocytes where they 
are aggregated and destroyed by phagolysosomes in Caucasians but not in Negroids. Melanin is
an oxygen scavenger and may function to remove toxic oxygens from surrounding kératinocytes 
and Langerhans cells. Recent research by Le Poole et al (1993) indicates that melanocytes are 
equipped with phagocytic machinery important for processing antigens and therefore may 
function as accessory cells within the skin immune system.
\A A 3 . Langerhans Cells
In 1868 Paul Langerhans exposed sections of skin to a new gold chloride stain and discovered a 
distinct population of dendritic cells. Approximately S to 10% of epidermal cells are Langerhans 
cells and like melanocytes they appear as "clear" cells by light microscopy. The Langerhans cell 
has been found to bear surface antigens common to most B and some T lynnphocytes, monocytes 
and macrophages, and to carry receptors for immunoglobulin and complement. Their density 
varies with body region, for example, thicker skin contains more Langerhans cells. They have 
been found in hair follicles, sebaceous glands and apocrine glands, and a few are normally found 
in the dermis. By electron microscopy the cell has a relatively clear cytoplasm, an irregular 
indented nucleus and characteristic granules (the Birbeck granules). There is evidence that 
Langerhans cells play an important role in the induction of skin sensitisation, in that they form a 
skin trap for extemal antigens, and transport them, by way of afferent lynq)hatics to the regional 
lymph nodes (Shelley and Juhlin, 1976; Silbeibeig-Sinakin et al, 1976).
1.1.1.4. Merkel Cells
In mammalian epidermis adjacent to some hair follicles there are thickened epidermal regions 
called the hair discs. Scattered along basal kératinocytes in these areas are Merkel cells. They 
have irregular nuclei and their cytoplasm is less electron dense than adjacent kératinocytes. Their 
role in skin is unknown, although they may play a role in sensation since they are associated 
with nerve terminations.
1.1.2. Dermal'Epidermal Junction
The epidermis is separated from and attached to the dermis by a basal lamina. The dermal- 
epidermal (DE) junction has a characteristically ridged shape. The epidermis folds down as 
broad waves into the underlying dermis. Epidermal invaginations are called rete ridges and they 
surround small finger-like projections of dermis called dermal papillae. This relationship 
between the two layers is very important since the epidermis has no blood supply and therefore 
all epidermal nutrients must come from the dermis.
1.1.3. The Dermis
The dermis is a tough and resilien t tissue which supplies nutrients to the epidermis and 
cutaneous appendages, and cushions the body against mechanical injury. It consists of two 
layers of connective tissue which merge into one another. The oiiter layer is thinner and called 
the papillary layer because the connective tissue papillae that extend up into the epidermis are a 
prominent part of it. This layer extends only slightly below the bases of the papillae, where it 
merges with the thicker reticular layer, consisting of dense irregularly arranged connective 
tissue.
The dermis also contains an elastic fibre network. Fine elastic fibres are found in the papillary 
denrtis, whilst coarse elastic fibres entwine the thick collagen bundles of the reticular dermis. 
The cells of the dermis are mostly fibroblasts, which are scattered sparingly. Fibroblasts are 
responsible for the manufacture of the dermal connective-tissue elements or their precursors, for 
example collagen and elastin, A few macrophages, mast cells and lymphocytes are also present 
in the dermis. Fat cells may be present singly, but are more often found in groups. Also in the 
dermis are organised structures : the cutaneous appendages, blood vessels, lymphatics and 
nerves.
IA 3 A . Cutaneous Appendages
These include hair follicles, sebaceous glands, sweat glands, hair, nails and arrectores pilorum 
muscle and are derived from the epidermis.
The deepest portion of the hair follicle has a bulb-like structure, which extends into the deep 
layers of the dermis. The germinal matrix of cells is situated at the lower edge of this structure, 
surrounded by highly vascularised connective tissue, and is one of the most metabolically active 
tissues in the body. The epidermal invaginations between this matrix and the skin surface 
become canalised and are called the extemal root sheath. As the cells of the germinal matrix 
proliferate, the uppermost ones move up into the external root sheath. As they move further up, 
they differentiate, become keratinised and form hair that eventually emerges from the epidermis.
The sebaceous glands develop in the upper third of the follicle as it develops and they grow out 
into the surrounding dermis. They vary in size and number, the greatest concentration being on 
the nose, forehead and scalp. Sebaceous gland cells accumulate lipids and as they mature they 
discharge sebum into the pilary (hair) canal and thus onto the skin surface. The function of 
sebum in humans is largely undefined. The size and turnover rate of sebaceous gland cells are 
under hormonal control.
Sweat glands are simple tubular glands with approximately 3 million over the whole body, in 
humans. Each consists of two parts, secretory part and excretory duct. The secretory part is 
located immediately below the dermis in the subcutaneous tissue. After extensive coiling it 
becomes an excretory duct, which extends to the surface. There are two classes of sweat gland : 
eccrine and apocrine. Eccrine are distributed over the entire body and their main function is to 
secrete water to cool the skin surface. Apocrine are more localised, for example in axillary areas 
and genitalia. They do not open onto the skin surface, instead they empty their secretions 
directly into the pilary canal The function of apocrine sweat is unknown.
1.2. Toxic Responses of the Skin
The following description of general toxic responses of the skin is based on the reviews of 
MaizuUi and Maibach (1983), Emmett (1991) and Suskind (1990).
1.2.1. Contact Urticaria
This describes a wheal and flare response that occurs within 30 to 60 minutes following 
cutaneous exposure to certain agents. These include chemicals found in medicines, for example 
penicillin; industrial contactants, such as benzoic acid; cosmetic products, for example hair 
spray; food and drinks, for example seafood; many chemically undefined environmental agents, 
including dog saliva, nettles and wool. There is evidence that ingredients of barley, meat, eggs, 
vegetables and spices may penetrate intact skin and evoke urticarial responses. The response 
may occur via a non-immunologic mechanism, involving the release of histamine and other 
vasoactive substances, or via an immunologic mechanism. Urticaria is a frequent component of 
immediate hypersensitivi^ reactions.
1.2.2. Chemical Acne
A number of agents produce acneiform lesions similar to those seen in acne vulgaris. These 
include coal tar pitch, creosote and a number of cosmetic preparations. These forms of acne start 
with comedones and inflammatory folliculitis, on areas of the body in contact with the causal 
agent The duct cells of the sebaceous glands keratinise leading to the formation of keratin cysts. 
Chloracne is a specific type of acneiform eruption caused by halogenated aromatic compounds 
for example 2,3,7,8-tètrachlorodibenzo-p-dioxin (TCDD). The primary response to TCDD 
appears to be hyperplasia and /or differentiation. Its effect is one of altered cellular regulation 
without a mutational effect on DNA.
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1.2.3. Pigment Changes
Hypopigmentation may be produced by phenols and catechols. These agents bear a structural 
similarity to tyrosine, the major building block of melanin, causing changes in the biochemical 
synthesis of melanin.
Hyperpignientation may be produced by certain drugs including phenolphthalein and 
barbiturates, heavy metals such as silver, bismuth and mercury and some alkylating agents. This 
reaction will recur at the same site on readministration of the agent. The pathogenesis of the 
reaction is obscure, although large amounts of melanin-containing macrophages are found in the 
upper dermis following drug induced hyperpigmentation.
1.2.4. Allergic Contact Dermatitis
Primary irritation accounts for 80% of all cases of Contact dermatitis, the remainder being 
allergic in origin. Allergic contact dermatitis occurs as a result of cell-mediated hypersensitivity 
or type IV reaction. Cutaneous antigens (haptens) such as itickel or chromium salts, or poison 
ivy resin are initially absorbed through the skin and conjugate with a carrier protein. The antigen 
is bound to cell surfaces, especially of epidermal Langerhans cells or macrophages. These cells 
process the antigen, by altering the configurational arrangement, and present the antigen by 
holding it to the cell surface for subsequent interaction with T lymphocytes. Die antigen-bearing 
lymphocyte migrates to the lymph nodes where, following clonal proliferation, two populations 
of sensitised lymphocytes are formed. Once this sensitisation phase is completed the elicitation 
phase can take place as a result of réintroduction or persistence of the antigen.
1.2.5. Corrosion
Corrosive agents exert a direct and relatively rapid physico-chemical effect on tissue, and cause 
an irreversible alteration at the site of contact Corrosion is manifested by ulceration and necrosis 
with subsequent scar formation. It has been suggested that the physico-chemical effect would 
result in direct degradation of stratum comeum and impair its normal function as a permeability 
barrier (Oliver et al, 1986).
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1.2.6. Phototoxicity (photoimtation)
Phototoxicity is defined as "an abnormal cutaneous response occurring on the initial exposure of 
a subject to an appropriate dose of the chemical, combined with an appropriate dose of 
excitatory UV cir visible radiation (Gabriel et al, 1985), ie. UV light activates the chemical and 
enhances its toxicity. Phototoxic reactions occur after contact, ingestion or injection of causal 
agents, for example 8-methoxypsoralen, benoxaprofen, anthracene and eosin dye, and are 
manifested by redness and swelling. Blistering may be seen and hyperpigmentation may follow 
a reaction. The mechanism of action of the psoralens is thought to involve damage to DNA.
1.2.7. Photoallcrgv
This is an increased reactivity of the skin to UV and/or visible radiation produced by a chemical 
agent resulting from type IV, cell-mediated immune reactions similar to allergic contact 
dermatitis. This type of response is only seen in individuals who have previously been 
allergically sensitised by exposure to the chemical agent and appropriate radiation. This 
condition is much less common than phototoxicity although a few chemicals such as 
tetrachlorosalicylanilide are very potent photoallergens.
1.2.8. Hair Damage and Loss
Hair is prone to danoage from agents contacting hair externally (keratolytic damage) and from 
those reaching the hair matrix through the dermis. Alkali, thioglycolates and oxidising agents 
such as peroxides produce keratolysis (dissolution of hair keratin) on local contact with the hair. 
Agents that damage the hair matrix may cause cessation of growth and the loss of the entire hair. 
These include antimitotic agents such as alkylating agents, antimetabolites and colchicine.
1.2.9. Skin Cancer
Skin cancer is the most common form of cancer within Caucasian populations. The most 
common cause of skin cancer in humans is ultraviolet radiation from excessive sun exposure. 
Types of cancer associated with solar radiation are keratoses, basal cell carcinomas, squamous
12
cell carcinomas, kerato-acanthomas and malignant melanomas. Polycyclic aromatic 
hydrocarbons, compounds found as products of combustion, degradation and fractionation of 
fossil fuels, inorganic arsenic compounds and ionising radiation are also known to induce skin 
cancer in man. There is clinical evidence that cutaneous trauma, excessive heat, bums and 
chronic chemical injury may be associated with the production of skin cancer.
1.2.10. Irritation
Among workers in industry skin disease accounts for approximately 50% of occupationally 
related morbidity and it is in this group that the "primary irritation reaction" is the most 
frequently encountered pattern of clinical pathology (Adams, 1983). Irritation is the local 
inflammatory response of normal living skin to direct injury by single, repeated or prolonged 
contact with chemical agents, without the involvement of an immunologically-mediated reaction 
(Ali and Oehme, 1992). Dermatitis occurs without prior sensitisation. Clinically, irritant 
dermatitis may range from a mild reaction with transient erythema or chapping to a much more 
florid dermatitis with erythema, oedema, pain and vésiculation. Primary irritants may interact 
with the skin in three ways :
1) superficially on dead cells of the stratum corneum for example, by removing lipids, 
denaturing the keratin and altering the water-holding capacity of the skin. These interactions 
may lead to flakiness, dryness and loss of plasticity, or impaired barrier function.
2) the irritant may penetrate the stratum comeum to the living cells of the epidermis. Effects here 
can range from the stimulation of epidermal metabolism leading to hyperplasia, to cytotoxicity.
3) the irritant may penetrate to the dermis.
Some irritants may act on only one or two compartments whereas some may act on all three 
(Prottey, 1978). The in vitro system utilised in this thesis assumes that the substance has 
penetrated the stratum comeum to the viable cells of the epidermis. Figure 2. illustrates the range 
of skin reactions to primary irritants.
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Cutaneous irritants range from mild irritants to strong irritants. Strong irritants
cause severe damage, usually cellular necrosis, within a short period of time after a single 
application. For exanq)le strong acids and alkalis, metals and their salts (chromium and arsenic) 
and certain heavy oils. Mild irritants are those requiring repeated or prolonged exposure in 
order to produce an effect, for example, propylene glycol. Some mild irritants show an effect 
only in susceptible individuals. Virtually any chemical, including water, may qualify as an 
irritant, depending on the circumstances of exposure to the substance (Kligman and Wooding, 
1967). Factors that influence the cutaneous irritation response to chemical substances fall into 
two categories, as follows :
Extrinsic Factors
These influence the ability of a chemical substance to penetrate the skin barrier and cause an
irritation response. The ability of a chemical to diffuse through the stratum comeiim depends on 
temperature, membrane hydration and the physical properties of the chemical substance.
! Climatic factors that dehydrate the stratum comeum and induce chapping, for example low
I ^
] environmental humidity, alter cutaneous permeability and increase susceptibility to irritants. The 
I vehicle or solvent in which the substance is applied may have a profound effect on membrane
\ permeability. The nature of the vehicle influences the stratum comeumrvehicle partition
1
I coefficient, which determines absorption. The more soluble a chemical substance is in the
1 stratum comeum, compared with its vehicle, the greater the percutaneous penetration. The
i ■ .
I vehicle may influence absorption in other ways, for example it may contain a damaging solvent
: or it may alter pH, thus changing the ionisation of electrolytes. Absorption varies inversely with
; the thickness of the stratum comeum. Regional anatomical differences in stratum comeum
■ thickness may therefore partly explain regional differences in percutaneous absorption.
The degree of exposure to a given chemical irritant is determined by concentration, amount
applied to skin, duration and frequency of exposure and surface area. The ability of a chemical
substance to provoke irritation is related to chemical stability, purity and unique chemical
properties. Sunlight, tem perature and air oxidation may alter chem ical composition,
concentration or shelf life.
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Intrinsic Factors
These influence an individual’s capacity to deal with an irritation response. They include age as 
susceptibili^ to irritants appears to be enhanced in children and reduced in the elderly; sex» 
women are frequently found to have more reactive or irritable skin than men; and race, it is 
generally thought that Negro skin is less irritable than Caucasian skin. However, Lotte et al 
(1993) found no statistical difference in the percutaneous absorption of three substances between 
Negro, Asian and Caucasian skin. Concomitant disease and medication may also influence an 
individual’s ability to deal with irritation.
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13. Inflammatory Mediators
Inflammation can be defined as the changes that occur in living tissue when it is injured, 
provided that the injury is not so severe as to kill all the cells immediately (Parish, 1993). Two 
types of inflammation exist. The acute response immediately follows infection or injury and 
provides a method of detoxiflcation, isolation and damage limitation. This response subsides 
with the same rapidity with which it flared up and the tissue returns to normal. Chronic 
inflammation persists for long periods of time and may be accompanied by the signs and 
symptoms of acute inflammation. Unlike acute inflammation the mediators and mechanisms of 
chronic inflammation are not well understood.
1.3.1. Acute Inflammation
Trauma and damage to tissues result in the release of local chemical mediators, which control 
the acute inflammatory response. Vasodilatation causes the characteristic redness (erythema) of 
inflammation and the resultant increase in blood flow leads to a greater perfusion of tissues. 
Increased vascular permeability causes oedema formation and swelling which will stimulate 
nerve flbres and lead to increased sensitivity and pain. There is usually an increase in local 
tissue temperature and an emigration of neutrophils from the blood vessels (Higgs, 1989).
At this point in acute inflammation the symptoms subside and the tissue returns to normal. This 
process is called resolution and can only occur where tissue damage has been limited and cells 
are capable of regeneration (Taussig, 1984). When these signs and symptoms persist the 
inflammation becomes chronic.
1.3.2. Chronic Inflammation
Chronic inflammation is characterised by the recruitment of monocytes and lymphocytes, as 
well as neum^phils, to the damaged tissue. The monocytes become tissue macrophages and exist 
as large activated cells, often in association with clusters of lymphocytes. This is the basis of 
granulomatous inflammation which occurs in diseases sueh as leprosy. Tissue hyperplasia is also
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a feature of chronic inflammation and evidence of fibrosis may be seen, which indicates a cycle 
of damage and repair. The most significant consequence of chronic inflammation is the loss of 
function (Higgs, 1989).
1.3.3. Arachidonic Acid
Arachidonic acid (ÀA), an unsaturated fatty acid, is the precursor of the eicosanoids, ie. 
prostaglandins (PGs), leukotrienes (LTs), hydroxyeicosatetraenoic acids (HETEs) and 
thromboxanes (TXs). A A is esterified to the middle carbon atom of glycerol in epidermal 
lecithin (also called phosphatidyl choline) (Gurr and James, 1980). AA is unusual amongst the 
major fatty acids in that the free level of the acid is very low compared with its esterified (ie. 
unreleased) levels. Esterified AA is incapable of being transformed to the biologically active 
eicosanoids (Ziboh and Lord, 1979). The release of free A A is controlled by either 
phospholipase A2  (PLA2 ), or the combined action of phospholipase C (PLQ and a diglyceride 
lipase (Van den Bosch, 1980; Irvine, 1982; Flower and Blackwell, 1983). This enzymic release 
of AA is therefore the initial and rate limiting step in the biosynthesis of the eicosanoids. Which 
compounds are synthesised from AA is determined by whatever enzymes are present as 
specified by the differentiation process in a particular tissue. Levels of free AA may also depend 
on the extent to which re-incorporation of AA into phospholipids occurs (KOmer et of, 1984).
M etabolism of AA can occur via both the cyclo-oxygenase enzyme complex (CO or 
prostaglandin synthetase) pathway and the lipoxygenase (LG) pathway (Figure 3). A A 
metabolism is covered in greater detail by Samuelsson et n/, (1978), Samuelsson, (1983) and 
HammarstrOm, (1983). Only very small amounts of PGI2  and TXs have been detected in the 
epidermis and so it may be concluded that they are less likely to be regulators of epidermal cell 
function than the other AA metabolites (HammarstrOm et aly 1979).
Table 1. shows the efiects of intradeimally injecting arachidonate metabolites and IL-loc into 
human skin in vivo.
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Figme 3. The major metabolic transformations of arachidonic acid (Salmon and Higgs, 1987).
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Table 1. In Vivo Effects of Mediators after LD. Injection into Human Skin
Mediator Effect
PGEi vasodilation and whealing (Crunkhom and Willis, 1971)
PGEj vasodilation and whealing (Crunkhom and Willis, 1971)
PGD2 slight vasodilation and whealing (Flower et al, 1976) 
increased blood flow at high doses (Williams, 1979)
little or no activity (Crunkhom and Willis, 1971) 
increased blood flow at high doses (Williams, 1979)
LTC4 +D4 immediate wheal and flare (Camp et al, 1983)
LTB4 raised oedematous areas (Camp et al, 1983)
topical application of Sng produced a significant 
inflammatory response (Camp et al, 19M)
12-HETE similar changes to LTB 4  (Dowd et al, 1984).
IL-loc dose related erythematous reactions lasting up to 
48 hours (Dowd et al, 1988).
1.3.3.1. Phospholipases
PLÀ2  represents a major mechanism for the release of A A from phospholipids in skin, by 
breaking the ester linkage between AA and the second carbon atom of lecithin. However, PLC 
activity may also be of some importance. Such activity has been demonstrated in human skin 
(Bartel et al, 1986) and may lead to the release of free AA indirectly, through the formation of 
diacylglycerol and action of diglyceride lipase. Bartel et al (1986) also showed that PLC may bé 
responsible for the accumulation of free AA in psoriatic lesions. Epidermal PLA2  can be 
stimulated by physical injury to tissue, ultraviolet (UV) B irradiation, anthralin, retinoic acid, 
histamine, bradykinin, PGs and calcium (Ziboh and Lord, 1979; Greaves, 1982).
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Although PLA2  has been found to be associated with the plasma membrane in skin (Ziboh and 
Lord, 1979) it is also localised in lysosomes (Hsueh et al, 1981). However the relative roles of 
these two enzyme sources are not clear and little is known about the factors regulating lysosomal 
PLA2 . PLA2  is calcium dependent, the source of calcium probably being mainly intracellular 
(Van den Bosch, 1980). The cellular calcium binding protein calmodulin has been demonstrated 
to have a direct stimulatory effect on PLA2 . This protein may therefore have an important 
modulatory role (Moskowitz et al, 1983). Another controlling mechanism involves enzymic 
méthylation of phospholipids (Hirata and Axelrod, 1980). By increasing the fluidity of the cell 
membrane, phospholipid méthylation brings PLA2  in closer contact with its substrate thus 
increasing the release of free AA. Recent studies have also identified a unique PLA2  which is 
present in the upper epidermis and stratum comeum. The distribution of enzyme suggests that it 
plays a role in the phospholipid breakdown that accompanies kératinisation, but whether it also 
initiates the release of inflammatory eicosanoids is still unknown (Verhagen et al, 1986).
1.3.4. Eicosanoids
Eicosanoid was the term introduced by Corey et al, (1980) to cover all products of arachidonic 
acid metabolism by either the CO or LG pathway.
13A.I, Prostaglandins
Prostaglandins (PGs) were discovered in the 1930’s at about the same time as the essential fatty 
acids. They are a group of oxygenated, polysaturated fatty acids containing a cyclopentane ring 
between C8 and C9. They were originally thought to be derived from the prostate gland, hence 
the name.
Several studies have led to the conclusion that PGs are responsible for the development of 
erythema which occurs during the early stages of inflammation (Johnston et al, 1976; Williams 
and Peck, 1977; Hawk et al, 1983), but there is little information on the factors that sustain 
inflammation after PG levels have returned to nwmal. This foie for PGs is supported by the
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observation that the development of erythema correlates with the time course of elevations of 
AA and its metabolites (Gilchiest et al, 1981; Black et al, 1978,1985). Erythema can be reduced 
by blocking PG synthesis with indomethacin (an inhibitor of the CO pathway) (Black et al, 
1978). However the erythema is not entirely suppressed, implying the involvement of other 
mediators, possibly products of AA via the LO pathway.
The response of normal skin to ultraviolet (UV) irradiation is an example of inflammation. This 
type of inflammation has been well documented clinically and histologically. Acute exposure to 
UV light results in erythema, heat, oedema, pain and pniritus followed by tanning and epidermal 
thickening (Soter, 1990). Studies by Hawk et al, (1983), Black et al (1980) and Camp et al 
(1978) have concluded that increased PG activity is a consistent accompaniment of irradiation of 
skin over the whole UV wavelength spectrum and is important in the onset and development of 
the early stages of inflammation.
1.3.4.2. Leukotrienes
Leukotrienes (LTs) were discovered in 1938 as a smooth muscle-contracting factor in lung 
perfusates. This factor was referred to as “slow reacting substance" until 1979 when its structure 
was reported. The term “leukotriene" was introduced at that time because the compounds were 
discovered in leukocytes and the common structural feature is a conjugated triene system. 
Unlike PGs they do not contain a ring system (HammarstrOm, 1983; Salmon and Higgs, 1987).
Evidence that LTs are produced in inflammation is less substantial than that for PGs. Black et al, 
(1985) measured levels of 12-HETE and LTB^ in inflamed skin to see if the LO pathway, as 
w ell as the CO pathway, was stimulated during the inflammatory process. From their results 
they concluded that AA in inflamed skin can be metabolised by both pathways. High doses of 5- 
HETE, 12-HETE and 15-HETE, or LTB4  caused small but significant increases in plasma 
exudation following intra-dermal injection. This suggests a role for LTs in oedema formation 
(Higgs era/, 1981).
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Work by Burrall et al (1985) has shown that human kératinocytes isolated from neonatal fore­
skins express 15-LO activity at a level far greater than that of the other pathways for 
lipoxygenation of AA. These HKs generated 15-HETE at a rate similar to the activity of the 15- 
LO of human airway epithelial cells.
1.3.5. Cvtokines
Cytokines are proteins or glycoproteins which are produced by several cell types and, via 
binding to specific receptors on target cells, they regulate cell growth and differentiation. 
Interleukins (IL) are a group of cytokines mediating normal physiological differentiation and 
inflammation of both allergic and non-allergic origin. They are active in small amounts, even at 
nanogram concentrations, and firequently act synergistically with other cytokines (Parish, 1993). 
Human kératinocytes and keratinocyte cell lines are known to produce IL -la , -Ip , -6  and -8 
(Schwarz and Luger, 1989). The epidermis is reported to be a reservoir of IL-1 in particular with 
significant IL-1 levels being detected in the stratum comeum (Gahring et al, 1985). Ihtra-deimal 
injection of 10-500U IL-1 a , equivalent to feintamole quantities, into human skin, induced dose 
related leukocyte-rich, erythematous reactions lasting up to 48 hours, suggesting that IL -la  is a
potent inflammatory agent in skin (Dowd et al, 1988). The | role 1 of IL -la  in human skin is 
currently unknown, although it has been reported to activate AA metabolism (Baracos et al, 
1983). Inspite of the inflammatory properties of IL-1, biologically active amounts of an IL-1- 
like material have been recovered from normal human epidermis (Hauser,^1986). A study by 
Camp et al, (1990) suggests that this IL-l-like material is present in inflammatory amounts in 
normal human epidermis and its release may represent a primary inflammatory mechanism in 
human skin.
IL-1 has also been linked with the eicosanoids. It is now known that IL-1 stimulates PGE2 
synthesis in synovial cells (Dayer, 1985). This stimulation of PGE2  by IL-1 has also been shown 
in human keratinocytes by Pentland and Mahoney (1990). Their data suggested that keratinocyte 
IL-1 may be partially responsible for the induction of keratinocyte PGE2  synthesis after UVB 
irradiation.
23
Human keratinocytes are also known to produce IL-6  and IL-8  as well as other cytokines, 
including granulocyte and macrophage colony stimulating factors (Schwarz and Luger, 1989). 
UV irradiation has been shown to be a potent stimulator of IL-6  synthesis and release (Kimbauer 
e tal, 1989). IL-8  has been shown to be chemoattractant for T-lymphocytes (Larsen etal, 1989) 
and when it was injected into skin in vivo an early local inflammatory reaction was produced 
(Van Damme gf a/, 1988).
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L4. Skin Irritation Testing
1.4.1. Draize Method
Information on possible adverse effects of substances on the skin is considered essential for 
safety evaluation and classification of chemicals, including cosmetics, non-cosmetic skin 
preparations, pesticides, industrial chemicals, dyes, detergents and household substances. 
Although this type of testing is not an absolute requirement for cosmetic formulations, raw 
materials need to be shown to be safe. For this reason, in vivo irritation tests are still an essential 
requirement for registration of chenticals in the EC. The in vivo tests serve a clearly defined 
purpose, ie. to reveal potential dangers in handling newly developed products in order to 
m inim ise risk in the workplace and in the domestic sector (Sterzel et al, 1990), as well as to 
ensure the correct labelling and packaging of substances.
Methods generally used to predict the dermal irritation potential of new compounds are based on 
that originally designed by Draize et aJ, (1944). This method involves single applications of the 
test substance to the shaved back of albino rabbits. The substance (0.5 mg or 0.5 ml) is applied 
to the skin under square gauze patches which are secured with adhesive tape. The trunks of the 
rabbits are wrapped in rubberised cloth to prevent the evaporation of volatile substances and to 
help maintain the test patches in position. The animals are then placed in restrainers and patches 
left intact for 24 hours. In addition to applying patches to intact skin, patches are also applied to 
areas that have been abraded by scoring through the stratum comeum but not sufficient to cause 
bleeding, thus simulating damaged skin and making the test more sensitive. This type of assay 
was considered beneficial since some formulations are intended for direct application to injured 
skin. At the end of the test period and 72 hours later the skin reaction is graded by the extent of 
erythema, eschar formation and oedema formation according to the following scales :
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Erythema and Eschar Formation
Very slight erythema (barely perceptible)— -  -  1
Weil defined erythema ------------------------------------^2
hdoderate to severe erythema————————————^ —3
Severe erythema to slight eschar formation----------?------ —4
Total possible erythema score-------------------------— — —4
Oedema Formation
No oedema-— " — i---------------------   0
Very slight oedema (barely perceptible)----------------------- 1
MWerate oedema (raised tq)proximately 1mm)-----—------- 3
Severe oedema (raised more than 1mm)------------- —4
Total possible oedema score——————— ——— —— -4
The average of the combined scores given for the areas of intact and abraded skin is referred to 
as the primary irritation index and is used in the classification of compounds. Compounds with a 
combined average primary irritation index of 2  or less are classed as mild irritants, whereas 
those with indexes from 2 to 5 are moderate irritants and those with scores above 6  are 
considered severe irritants.
1.4.2. Disadvantages of the Draize Method
The Draize method has been helpful in identifying the irritancy potential of many chemicals. 
However, one of the major disadvantages of this test is the subjectivity associated with visual 
assessment and interpretation of the dermal response. Weil and Scala's report (1971) of blind 
testing of a range of dermal irritants in an interlaboratory collaborative study using a 
standardised I>aize assay, illustrated various inherent problems with the technique. The results 
from 25 laboratories revealed high inter and intralaboratory variability in scoring and rating the 
test compounds as irritants, particularly with the rating of moderate to severe irritants. The 
Draize test has also been criticised for being overly ! sensitive j, in that chemicals which are non­
irritant in man produce a positive response in rabbits (Steinberg, 1984). A study by Whittle and 
Basketter (1993b) has showed that the rabbit in vivo assay may have been over sensitive for fatty
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acids and hence has led to these substances being overlabelled. The rubberised cloth, used to 
prevent evaporation of volatile substances, adhesive tape and gauze patches have themselves 
been shown to produce changes in skin (Lansdown, 1972).
Previous studies have indicated diat no single animal test is consistently predictive of the human 
response (Nixon et al, 1975). Important differences between human and animal skin do exist 
For example differences in granular cells and in the biochentistry of kératinisation between 
species, which implies a functional significance. There are also differences in melanin 
production and distribution, and in the distribution, relative sizes and function of hair follicles 
and sweat glands, as well as in the overall structure of the dermis and its vasculature (Marks, 
1983). Rabbit skin is much thinner than human skin (Bosshard, 1985). In tests using a pesticide 
human skin has been shown to be less permeable than animal skin (Walker et al, 1983).
1.43. Other/it Vîvo Techniques
Since the publication of the Draize Primary Skin Irritation Test in 1944, many modifications 
have been introduced to try and eliminate subjectivity from this test, to improve its sensitivity, to 
make the test more predictive of effects in man and to reduce the number of animals used. In 
1981 the OECD published test guideline No. 404, a modification of the Draize test. Patch 
application was changed to allow the use of occlusive and semi occlusive patches. Patches were 
applied for 4 rather than 24 hours and the need to apply them to abraded skin was removed. In 
1984 the EEC adopted this guideline for use in the classification of substances and preparations 
(ECETOC, 1990).
I.4.3.I. Use of Alternative Species
The use of an alternative species to the rabbit has been investigated. Most investigators have 
used smaller laboratory animals such as guinea pigs (Nixon et al, 1975), mice (Helman et al, 
1986) and rats (Gray et al, 1985). Some studies have been carried out with dogs, pigs and 
monkeys (Davies etal, 1972; MacMillan et al, 1975; Motoyoshi et al, 1979), but their size and 
cost limit their acceptability for routine test purposes. Only a small amount of published data has
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compared the irritancy potential in these various species and man. A study that compared 
rabbits, guinea-pigs and man concluded that neither the rabbit nor guinea-pig should be relied 
upon exclusively to identify potential irritancy hazards to man (Nixon et al, 1975). MacMillan et 
al (1975) compared the irritant response to cosmetic products in rabbits, guinea-pigs, beagle 
dogs and man. Results in rabbits and guinea-pigs showed some correlation with those in man, 
whereas the dog was found to be an unsuitable model. Davies et al (1972) also showed that out 
of seven species the rabbit was the only one that elicited reactions similar to, or more severe than 
man. In contrast Kâstner (1977) found the hairless mouse to be the most suitable model for 
predicting human skin reactions. The rabbit and guinea-pig produced exaggerated reactions. In 
view of these conflicting reports it is difficult to say which species compares best with man, 
although pig skin is reported to be the most similar in structure (Montagna and Yun, 1964).
1.4.3.2. Methods to Reduce the Subjective Nature of Observation
The major criticism of the Draize type test is the subjective evaluation of the inflammatory 
response, particularly erythema and oedema. Erythema, produced by an increased cutaneous 
blood flow has been measured in guinea pigs using Laser Doppler Flowmetry (Froedin and 
Anderson, 1987). Gloxhuber and Kâstner (1985) used image analysis, of excised and dried skin, 
to measure the irritant reaction in mouse skin. Walz (1984) tried to statistically analyse oedema 
related skin fold number in mice, using buffered solutions, pH 2 -11.5. The data enabled the 
prediction of irritant reaction of solutions on the basis of their pH value. An increase in skin fold 
thickness after intradermal injection of irritant compounds was measured by Wahlberg (1983). 
Infra-red detectors to measure the thermal radiation resulting from irritation have been evaluated 
by (Collins and Ring (1972). A study by Middleton (1980) measured marker enzyme activities in 
suction blister fluid (SBF) from blisters produced on the skin of anaesthetised rats. Increased 
enzyme levels in SBF from chemical damaged skin appeared to reflect the degree of skin injury 
and may offer a direct and quantitative assessment of skin injury.
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These systems may prove useful in comparative studies with known irritants but they still retain 
the use of animals and have have dubious relevance to man due to differences in species 
sensitivity. In addition, technical requirements may limit their routine use.
1.4.3.3. An Alternative to Patch Test Techniques
The conventional patches used in animal tests, although effective in many cases, are crude and 
do not provide uniform exposure for some substances, for example liquid solvents. Research has 
indicated that the Hill Top Chamber (HTC) method may provide some advantages over the 
standard gauze patch test for testing liquid materials (Kaminsky et al, 1986). One of the 
advantages of using chambers to evaluate skin irritants is that their use produces a reduction in 
variability due to : 1) their standardised size; 2 ) control of dose by eliminating loss of test 
material; 3) uniform skin contact with the test substance; 4) reduction of tape reactions with the 
use of non-occlusive tape; and 5) the use of multiple exposure sites on each animal subject 
(Nixon et al, 1990).
1.4.3.4. Dermal Irritation Testing In Man
The patch test described by Draize et al (1944) for use in human studies is similar to that used in 
rabbits. Occlusive patches are applied to skin on the forearm or back of subjects and the reaction 
scored after a 24 or 48 hour exposure time.
A modification of the Draize test was suggested by Lanman (1968). Instead of using a single 
application followed by scoring, this method involves repeated application at daily intervals until 
the skin shows some change. The irritancy of the substance is therefore based, not on a score, 
but on the time taken for a visual skin reaction to be produced. Therefore a severe irritant would 
be detected after 1 - 2  days, whereas a mild irritant might require up to 10 - 2 0  days before 
detection. These authors believed that this technique could considerably reduce errors due to 
subjective assessment, which may occur when skin reactions are scored after a single exposure 
of 24 hours.
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Many efforts have been made to overcome disadvantages found using the conventional patch 
test. PirilH (1975) introduced the Finn Chamber, an aluminium chamber designed to prevent 
leakage by having an elevated flange around the rim. To overcome the disadvantage of its small 
capacity (20 ^1), the Duhring Chamber was developed by Frosch and Kligman (1979) which 
allows the application of 50 - 100 pi test substance. Six or eight chambers could be applied to 
the forearm or back, for 24 hours. The chamber test has been shown to be more sensitive for the 
irritation testing of sofq>s than other tests. However, these techniques have the disadvantage that, 
like the Draize method, they are subjective.
Transepidermal water loss (TEWL), which reflects changes in the water barrier function of the 
stratum comeum, has been measured in vivo in human volunteers using an evtqxmmeter (Tupker 
et al, 1989; Wilhelm et al, 1990; Klein et al, 1992), and reduces the subjective nature of 
previous techniques. Tupker et al (1989) compared TEWL and visual scoring, and found that the 
measurement of TEWL was more sensitive in detecting early epidermal changes. This study 
employed repeated application of substance rather than a single application, and therefore better 
reflected conditions in daily practice.
The main limitations of testing in man are ethical considerations and the availability of suitable 
volunteers. Human testing may be influenced by variations in the sensitivity of individual 
volunteers and environmental factors (Lansdown, 1972). For example, females are more 
sensitive than males, sensitivity will vary between different areas of the body, the cutaneous 
response to irrltarits is greater in winter than in summer. Also, a large panel of volunteers would 
be required in order to detect a reaction affecting a minority of the population. For testing of 
domestic products, where it is envisaged that the worst scenario is a mild reaction, it may be 
possible to use humans routinely. However for testing new industrial chemicals of unknown 
activity the potential for carcinogenicity, allergy and systemic toxicity effects urges caution. 
These would not necessarily be minimised by dilution testing since they are not immediate
effects. There can be no safe level for testing potential carcinogens or for testing on pre­
sensitised individuals. However, tests in man are the ultimate test and their value far outweighs 
any animal testing.
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1.4.4. Alternative In Vitro Skin Irritation Assays
During the last decade the use of animals in toxicological research and testing has become one 
of the major concerns of both science and public. As a result there have been and are 
currently many attempts to develop alternatives to whole animal testing. The replacement of 
animals by in vitro systems, for predicting human irritation potential, is not yet possible 
(Suskind, 1990). However, it may be possible to reduce the numbers of animals used in such 
tests and to reduce the likelihood of causing severe reactions in test animals (Griffith et al, 1980; 
Williams et al, 1982). The three R*s are the basic approaches to improving practices in 
toxicological research, namely reduction (reducing the numbers of animals to the essential 
minimum), refinement (improving how research and testing are performed to preclude pain 
discomfort where possible) and replacement (developing alternative methods and models which 
do not use iiitact animals, and using them in place of test systems which use animals) (Russell 
and Burch, 1959; Gad, 1990). Reduction and refinement are the most likely Rs at present
An ideal in vitro alternative test should be able to provide information on the specific action of a 
toxicant on the skin regarding the mechanism of activation, inflammation, and repair of skin in 
response to the chemical. It should also be able to correlate with the relative ranking of animal 
and human irritation tests (Harvell et al, 1992). Desirable features for in vitro dermal irritancy 
test systems are as follows :
1) the particular features of an in vivo inflammatory response that are reflected by the results of 
an in vitro test should be clearly identified (Parish, 1985).
2) it is desirable that the particular feature observed in an in vitro test should be inducible by a 
full range of chemicals that induce changes in vivo and should accommodate substances from a 
wide variety of cheimcal classes and physical forms (Sina et al, 1992).
3) a reliable in vitro skin irritation test should be able to differentiate between the varying 
degrees of irritation of the skin (Gfeller et al, 1985).
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Irritants that penetrate to the living epidermal cells may produce a direct toxic effect causing cell 
death immediately or there rhay be minor or moderate interactions which take longer to be 
manifested. These interactions range from minor metabolic stimulations, resulting in 
hyperplasia, to metabolic disturbances that release mediators of subsequent tissue reactions and 
tissue damage.
Since multiple mechanisms are involved in the process of skin irritation, it is likely that a 
combination, of several in vitro tests will be required to predict human skin irritancy effectively. 
A wide spectrum of in vitro methods have been investigated, which vary greatly in the 
parameters used to correlate with irritation. Endpoints indicative of cytotoxicity, including cell 
viability (Borenfreund and Puemer, 1985), morphological changes (Shppsis et al, 1985), cell 
membrane integrity (Scaife, 1985), cell detachment, cloning efficiency and growth inhibition 
(Reinhardt et al, 1985), have been used in in vitro tests for irritancy. Table 2 illustrates the most 
recently published methods to examine cytotoxic effects on keratinocytes and other cell culture 
systems (Gueniche and Ponec, 1993; Comébs et al, 1992; Coulomb and Dubertret, 1992; Gajjar 
and Benford, 1987); multilayered "sldn equivalents" (Dykes et al, 1991; Asselineau, 1987); 
commercially available test kits (Gordon et al, 1990); the chorioallantoic membrane of fertilized 
eggs (Hagino et al, 1993; Luepke and Kemper, 1986), and irritant-sensitive nticroorganisms 
(Silverman, 1983).
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Table 2. In Vitro Irritation Systems (Bason et al, 1991)
Method Syst^ Princq)le Toxicity Assessment
"Testskin" SynÜKtic human 
qnthelium
Histok^ically. i^ysiologically 
similar to ddn.
Morphologic changes, 
inflammatory mediators, 
cell death
Micn^ysiometBr Cell culture pH monitored as an indicator 
of metabolism
Decreased metabolism
Neutral Red assay Cell culture Dye uptake by viable cells 
measured q)ectrophotometrically
Cell death
"Microtox" Luminescent bacteria Only viable bacteria luminesce Organian death
Chorioallantoic 
Membrane (CAM)
Fertilised egg membrane 
vasculature
Vasculature changes Damage to vasculature
"Skintcx" Kcratm/coUagen matrix 
linked to dye
Dye released and turindity are 
measured q)ectropbotometrically
Increased dye/turbidity 
reflects memtxane 
disnqxion
I.4.4.I. Cell Culture Methods
The Neutral Red (NR) assay may be performed in a variety of cell types including keratinocytes 
(Gajjar and Benford, 1987) and mouse fibroblasts (3T3) (Borenfreund and Puemer, 1985). 
Following exposure to an irritant, the cells are washed and incubated with NR dye. The dye is 
believed to enter the cell by non-ionic diffusion and then accumulates in the lysosomes of living 
cells. The amount incorporated can then be read spectrophotometrically and the information 
used to quantify the toxicity of a test substance (Borenfreund and Puemer, 1985). The MTT 
assay (Mosmann, 1983) h ^  been ^de ly  used to assess cytotoxicity in monolayer cultures and is 
based on uptake and reduction by mitochondrial succinic dehydrogenase of the soluble yellow 
MTT tétrazolium salt to a blue insoluble MTT formazan product
Enzyme activity ma.v also be used as an endpoint for detecting cytotoxicity. Gajjar and Benford 
, expression, of intrzK^ ellular }
(1987) have shown that^cid phosphatase (AP) activity can be used as an early indicator of
toxicity in rat tongue epithelial (RTE) cells following a 4 hour e^mosure to a small number of
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surfactants. AP is the most studied lysosomal hydrolytic enzyme and is commonly used as a 
cytotoxicity parameter (Paganuzzi et al, 1981). It is believed to have a special role in the
epidermis because it occurs in large amounts conq)aied with the other acid hydrolases (Mier and
Van der Hurk, 1976). Niggli and Rothlisberger (1986) showed a long term increase in AP activity in human 
. volunteers following exposure to surfactants. This response correlated very closely with the visual scoring system 
of erythema.
(Cytotoxicity assays have the advantages that they are quantitative, they can be automated, as they are 
simple to carry out, and they are inexpensive. They can also be adapted for volatile substances 
(Smith et al, 1992). However the MTT assay is not suitable for materials that spontaneously 
reduce MTT, including glutathione and sulphydryl containing molecules, or substances that 
inhibit mitochondrial dehydrogenase (Swisher, 1989). Cell culture systems are also limited to 
testing conqx)unds that are aqueous soluble. They caimot be used for solid materials. This may 
be overcome, to some extent, by using standardised polymer-extraction procedures. The toxicity 
of aqueous extracts can then be determined. Substances may also be solubilised in water- 
miscible solvents, for example dimethylsulphoxide and ethanol, provided that they do not 
interfer with the assay.
A cytotoxicity assay, if used in isolation from other assays, may only provide information on 
cell viability and growth and therefore would provide little information concerning mechanisms 
of toxicity. However, in view of the advantages of these assays, it would be useful to include 
cytotoxicity tests within à battery of tests intended for the screening of compounds. A battery 
with tests based on different functions would provide mechanistic information.
1.4.4.2. Skin Organ Chilture
Skin organ culture systems from different animal species have been described and used for 
detailed biochemical studies. The system described by Kao et al (1983) utilised full thickness 
skin from hairy mice. A modification of this technique has been developed by Bartnik et al 
(1990) using smaller explants from hairless mice, and therefore using fewer animals for skin 
preparation. A similar method was developed specifically for identifying corrosive substances.
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using rat epidermal slices (Oliver and Pemberton, 1986; Oliver et al, 1986). This technique 
measured chemically induced reduction of stratum comeum integrity as a fall in electrical 
resistance across epidermal slices. This technique has also been adapted to allow the use of 
human full thickness skin (Whittle and Basketter, 1993a). This has the advantage of allowing the 
direct prediction of effects in man. An interlaboratoiy trial has showed that this technique could 
identify those substances classified as corrosive from animal data (Botham et al, 1992).
Other parameters for cutaneous toxicity have been described using organ cultures. Leakage of 
cellular enzymes into culture medium correlated well with histological changes of the skin after 
topical application of chemicals (Bartnik et a/,1990; Helman et al, 1986; Kao et a/,1983). 
Dermal toxicity was also associated with the inhibition of leucine incorporation into 
proteins of skin explants (Kao et a/,1983). Neutral Red uptake and the reduction of tétrazolium 
salt have been assessed in organ culture, as well as protein synthesis, glucose metabolism and 
DNA synthesis. Light microscopy is used to assess structural Changes (Van de Sandt et al, 
1993).
Organ culture techniques may provide a better method than general cell culture assays to predict 
the in vivo dermal response. They retain the stratum  corneum, therefore providing a 
physiological barrier (Duffy and Flint, 1987) and the chemical can be applied directly to the 
epidermis as in more conventional in vivo techniques. They allow the use of human skin and as 
such may provide more accurate hazard classification. Whittle and Basketter (1993a) concluded 
that human skin organ culture could be used in conjunction with testing in human volunteers, 
for corrosivity testing. One disadvantage of the organ culture system is that it does not have a 
vascular blood supply. There is also the problem of being able to establish a regular supply of 
suitable specimens of human tissue and, as more groups investigate this area, the availability of 
human skin may become the limiting factor.
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1.4.4.3. Commcrciallv Available Test Kits
SK IN TEX ^^ is based on a two compartment physico-chemical model which includes a 
keratin /co llagen  barrier m em brane, containing an ind ica to r dye and an organised 
macromolecular matrix. Test samples absorb onto or permeate through the biomembrane barrier 
and can then interact with the macromolecular matrix. Changes in the integrity of the barrier will 
release the dye which is then quantified spectrophotometrically. Any alteration in the 
conform ation of the m atrix produces turb id ity , which can also be m easured 
spectrophotometrically (Gordon et al, 1990). The system is suitable for a wide range of 
chemicals and formulations including so^s, detergents, cosmetics and petrochemicals.
The Microtox Test System is a luminescent bacteria toxicity test that has been used for many 
years in environmental studies. The assay examines the reduction of fluorescence normally 
emitted by a suspension of luminescent bacteria (Photobacterium phosphoreum) after exposure 
to toxins. The number of remaining viable cells is directly proportional to the degree of 
fluorescence (Bulich et al, 1981). This system has been developed to predict the potential 
irritation properties of ingredients and formulations of personal and household products. It is a 
relatively rapid and simple assay, and has been found io be reproducible between laboratories. 
On its Own it is unlikely that it could be used to predict irritation but it could be used as part of a 
battery of in vitro tests.
The Silicon Microphysiometer is a light-addressable potentiometric sensor based device that 
detects changes in the physiological state of cultured living cells by monitoring the rate at which 
the cells excrete acidic products of metabolism (Parce et al, 1989). This system has the 
advantage that it is rapid, it is non invasive for cells and therefore recovery may be investigated, 
it detects early ajid subtoxic effects and it is very sensitive. However it is unsuitable for non 
hydrosoluble products and it is expensive.
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1.4.4.4. Other Systems
An in vitro model using the chorioallantoic membrane (CAM) of the fertilised chicken egg 
showed promise as a substitute for the rabbit eye irritation test and may have promise as an 
alternative for the whole animal skin irritancy test (Luepke, 1985). It provided information about 
reactions of the vascular system and Sterzel et al (1990) have found that it correlated well with 
in vivo human and animal data. It can be used to test a wide range of chem icals and 
formulations. However solid materials have to be washed off so their effects can be scored and 
this often leads to mechanical damage of smaller blood vessels.
The red blood cell (RBC) assay has been used for the nq)id screening of irritation potentials of 
surfactants (Pape et al, 1987). RBCs are known to be a good model for studying effects on 
biological membranes. The cells are homogeneous, easy to handle and their oxyhaemoglobin is 
used as an indicator to determine haemolysis as well as protein damage (Pape and Hoppe, 1991).
1.4.4.5. Phvsico-chemical Analysis
The study of physico-chemical parameters to correlate mathematically, chemical structure with 
biological activity is referred to as SAR (structure-activity relationships) (Hansch, 1981). SAR 
models have correctly predicted several endpoints, including dermal and eye irritation, in 85 to 
97% of casesj(Enslein, 1988).
Equations have been developed for irritancy prediction from pH data (Young et al, 1988). Good 
correlations have been found between classifications based on the pH acid/alkali reserve method 
and those based on skin test data. However the method may not be applicable to preparations 
containing non-acidic /  non^alkaline corrosive or irritant substances. It has been suggested that 
the pKa of a substance, pH, buffering capacity and partition coefficient; taken together could 
provide an indication of likely irritant potential, particularly if combined with a SAR approach 
(Swanstongfo/, 1991).
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1.4.4.6. Percutaneous Absorption
For the purpose of safety evaluation and risk assessment it is important to establish the rate and 
extent of percutaneous absorption of substances after skin contact In vivo human studies have 
been carried out by exposing a known area of sldn to the substance under investigation and then 
assessing absorption by analysing the substance (or its metabolites) in blood or excreta (Mrâz 
and Nohova, 1992; Van Rooij et al, 1993). However in vivo studies are expensive, time 
consuming and technically difficult to perform. These problems have led to the develop of in 
vitro assays.
In vitro studies hâve been carried out using animal skin as a model for man. However Walker et 
al (1983) concluded that the laboratory animal is a very poor model for human skin 
permeability, particularly for molecules absorbed slowly across normal human skin. Barber et al 
(1992) compared the rates of in vitro absorption of 8 chemicals using rat and human skin. They 
concluded that rat skin was more permeable than human sldn for all 8 chemicals. Dick and Scott 
(1992) found pig skin to have a closer permeability character than rat skin to human skin, 
particularly for lipophilic penetrants. In vitro studies have also been performed using human skin 
(Ashton, et al, 1992; Ademola et al, 1993). In vitro rat and human data has been shown to 
compare well with data obtained by other workers using in vivo methodologies (Hotchkiss et al, 
1992).
1.4.4.7. General Problems
Unfortunately experiments that compare in vivo (human) and in vitro data are scarce. Most in 
vivo data that is available is based on fixed dose tests, for example using 10% Elutions or a 1% 
solution, whereas most in vitro tests, especially cell culture tests, are toxic index tests, for 
example they quote what concentration of a material will kill 50% of cells relative to controls. 
This therefore presents difficulties in carrying out in vitrolin vivo comparisons (Balls and 
Fentem, 1992).
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1.4.5. Validation of Alternative Techniques
Many in vitro assays aie in the process of being developed, but before they can be accepted as 
valid alternative methods they require adequate validation. Two techniques have so far been 
validated, the sldn corrosivity test (Oliver and Pemberton, 1985, 1986; Oliver etal, 1986, 1988) 
and the classification model for alkaline and acidic preparations (Young et al, 1988).
In order for such routine tests to be accepted regulatory authorities also expect certain criteria to 
be met:
1) alternative tests should be reliable, ie. should produce reasonably consistent and reproducible 
results, whenever and wherever they are carried out
2) a new test should provide information on all specific endpoints covered by the animal study 
that it is intended to replace. The test should have general applicability over a wide range of 
chemicals of different structure and physicochemical properties (Van den Heuvel and Fielder, 
1990).
In order to adequately replace a single animal study, a large battery of in vitro studies are 
required to cover various endpoints involved in the in vivo study. Each in vitro test would 
therefore need to be validated (Van den Heuvel and Fielder, 1990). If non-animal tests are to 
replace the animal tests currently in use they must be shown to be no less relevant to animal or 
human data, no less reproducible and no less useful for identifying toxic potentials of chemicals. 
To meet these requirements proposed alternative tests must be properly developed and formally 
validated before they can be accepted by the regulatory authorities (Balls and Clothier, 1991). 
Validation can be defined as "the process by which the reliability and relevance of a i^ocedure 
are established for a particular purpose" (Balls et al, 1990). Generally speaking, there are four 
main stages of validation. Intralaboratory assessment follows on from test development and 
involves the use of 20 - 50 reference chemicals. A subset of 5 -10  of these should be used for 
interlaboratory validation. For test database development a large number of chemicals should be 
tested (ideally 200 - 250). The final stage of the validation process is data evaluation which
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assesses reproducibility and predictive accuracy of the proposed test, when compared with 
available in vivo data, as well as logistical considerations including cost, time, and complexity of 
test (Balls et àl, 1991).
Conventionally the validation of alternative tests has been made by reference to results obtained 
in the rabbit through the iqiplication of modified methods of the original Draize test (Swanston et 
al, 1991). However, in the case of skin, human in vivo irritancy data is available from patch 
testing. Any validation that compares in vitro and in vivo responses should take into account 
general principles of toxicology including dose response, intended application method to the 
skin, the anatomic site and the delivery system (Harvell et al, 1992).
Validation is able to prove the usefulness of in vitro methods for prescreening stages of 
biological testing, but it may also determine their limitations. For this reason, such alternative 
approaches may have to include a battery of methods, with individual techniques associated with 
particular classes of compound (Frazier et al, 1987). Less stringent acceptance criteria are 
necessary for an assay that is intended to be used as a screen than that intended as a replacement 
tesL A screen is à preUminaiy test and is used to establish the direction for further tests, A screen 
answers fewer and less complex questions and is usually confirmed by more definitive testing. 
On the other hand a replacement test must provide the same answers as an in vivo method and 
must provide data for making a definitive toxicological assessment (Green et al, 1993).
At présent there is no formal administrative process to organise, coordinate or evaluate 
validation processes. However, Goldberg et al (1993) have suggested a framework for validation 
and implementation of in vitro toxicity tests.
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13. Keratinocyte Culture
1.5.1. Introduction
Keratinocyte culture involves the replication and growth of keratinocytes in vitro, under 
laboratory conditions, which aim to simulate the in vivo situation. Keratinocyte cell culture has 
several uses in science and medicine particularly as autografts for permanent epithelial cover for 
large wounds, such as nmjor bums, and for studying cutaneous toxicity. Cultured keratinocytes 
have been used as autografts to heal major wounds (Hefton et al, 1983; Eisinger et al, 1980; 
Green et al, 1979).
In 1948 Sir Peter Medawar claimed that "virtually unlimited quantities of adult tissue can be 
cultivated with no more difficulty than is entailed by the provision of flasks large enough to hold 
them" (Medawar, 1948). However it was not until 1975, when Rheinwald and Green published 
their paper on disaggregated keratinocyte culture that this subject again received attention in the 
scientific press. They demonstrated that a feeder layer of irradiated mouse 3T3 cells permitted 
clonal growth of keratinocytes but not other cell types (Rheinwald and Green, 1975). Most 
keratinocyte culture methods are derived from this paper, with modifications subsequently 
added.
1.5.2. Culture Techniques
There are two keratinocyte culture techniques, explant and disaggregated keratinocyte culture. 
Explant keratinocyte culture involves plating small blocks of skin, dermis side down, onto the 
culture surface and covering with culture medium Keratinocytes grow out from the edges of 
these blocks to form a monolayer of cells. When cells from adjacent blocks meet and fuse, a 
confluent culture is produced.
Disaggregated keratinocyte cultures are initiated by enzyme digestion of skin, with mechanical 
agitation and filtration to produce a suspension of single cells. The cell suspension is then seeded 
into flasks, usually containing a feeder layer of lethally irradiated, non-dividing mouse 3T3 
fibroblasts. The cells attach to the flask and grow into monolayer colonies of basal cells, which
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eventually form confluent cultures. This technique is the one most often used. The advantages 
and disadvantages of both techniques are reported in detail in Breidahl et a/ (1989).
Another function of the fibroblast "feeder" activity involves a keratinocyte growth promoting 
factor, which is bound to the outer surface of fibroblast plasma membranes (Yaeger et al, 1991). 
Swiss 3T3 mouse fibroblasts are the most universally used and successful feeder layer of living 
cells. They have been transformed with an oncogene and have lost their mitotic control. 
Mitomycin C, which disrupts microtubule formation in cells and prevents completion of cell 
division, is often used as an alternative to lethal irradiation (Barlow and Pye, 1990).
The technique of growing keratinocytes has also been improved by the addition of various 
factors to the culture medium. Epidermal growth factor (EOF) is considered a practical necessity 
in all culture models. It extends the number of population doublings keratinocytes will undergo 
in culture (Rheinwald and Green, 1977). It is a mitogen and will prevent terminal differentiation. 
However, if it is included at the time of plating it will reduce the cloning efficiency of the cells 
(Parkinson and Yeudall, 1992). Insulin is also a major keratinocyte mitogen (Tsao et al, 1982; 
Peehl and Ham, 1980). Small amounts of insulin are required to allow glucose entry into 
keratinocytes. Cholera toxin has a role in growth stimulation. It increases the number of 
subcultures possible and reduces fibroblast contamination. Cholera toxin increases cAMP levels 
which will oppose the tendency for keratinocytes to increase in size (Green, 1978). Cholera 
toxin may therefore oppose the onset of terminal differentiation and promote a prolonged 
culture life (Sun and Green, 1976; Barrandon and Green, 1985). Hydrocortisone is essential to 
maintain growth rate, colony morphology and differentiation when keratinocytes are 
subcultured. It may also prevent the deterioration of the 3T3 feeder layer (Rheinwald and Green, 
1975; Pera and Gorman, 1984). It can also promote cell attachment and proliferation, but may be 
cytostatic under certain conditions. Adenine inhibits fibroblast growth without comprontising the 
growth of keratinocytes (Peehl and Ham, 1980). Transferrin is a keratinocyte mitogen (Tsao et 
al, 1982). Together, hydrocortisone, cholera toxin and EOF combine to increase the clonogenic
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fraction, population growth rate and culture lifespan (Rheinwald, 1980), so that large numbers of 
cultured kératinocytes can be obtained r^id ly  from even a small skin biopsy (Green et al  ^ 1979; 
Allen-Hoffman and Rheinwald, 1984). Insulin, transferrin and tri-iodothyronine reduce the 
requirement for serum, from 20% to 10%, and with poor serum lots they also improve growth 
rate (Parkinson and Yeudall, 1992).
The presence of transformed cells from another species may be a disadvantage. Attempts have 
been made to develop methods of optimising conditions of growth for HK without a feeder 
layer, whilst retaining the capacity to produce sufficient cultured cells. Thompson et al (1985) 
developed a culture method to enable a large quantity of human epidermal cells to be grown in 
vitro, without the use of 3T3 or collagen substrates, for up to 4 - 5 months and allowing 
subculture 3 - 4  times. This follows on from studies by other workers (Tsao et al, 1982; Milo et 
al, 1980; Peehl and Ham, 1980). However, routine keratinocyte culture is limited in that it only 
provides a monolayer of cells and as such cannot be compared to die in vivo epidermis.
1.5.2.1. Culture on a Dermal Substrate
In order to produce a more normal epidermis for experimental purposes, complex cultures have 
been developed. A dermal substrate is constructed using the two major components of the 
dermis, ie. ribroblasts and collagen. Fibroblasts are subcultured and added to a mixture of 
culture medium and collagen solution (Bell et al, 1979). The mixture polymerises rapidly at 
37°C, with fibroblasts uniformly dispersed throughout the collagen gel, which contract fibrils 
and form a tissue, the "dermal equivalent". This provides a practical living substrate for 
kératinocytes.
1.5.2.2. Culture at the Air-Liquid Interface
Conventional submerged cell culture systems have shown some morphological and biochemical 
evidence of differentiation (Prunièras et al, 1976; Jepsen et al, 1980). However these cultures 
rarely develop important markers of differentiation such as, basal lamina, keratohyalin granules, 
lam ellar granules, the keratiû-filaggriü complex or the Upid composition of the stratum comeum
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(Holbrook and Hennings, 1983; Ponec et al, 1988). Incomplete differentiation in submerged 
culture is most likely due to environmental conditions which are drastically different firom those 
in vivo. Most adult living mammals, including man, have their epidermal cells exposed to air and 
not immersed in fluid.
To enhance keratinocyte differentiation various systems have been developed in which 
kératinocytes are cultured at an air-liquid interface, using de-epidermised dermis (Regnier et al, 
1981; 1986; 1990) or collagen lattices (Bell et al, 1983) as substrates. Under these conditions 
cultures exhibited a morphologic differentiation comparable to that seen in vivo, including the 
presence of lamellar bodies (Prunièras et al, 1983), lipids (Williams et al, 1988) and 67-kD 
keratin (Regnier ef al, 1986). Mak et al (1991) demonstrated a substantial barrier (ie. a 
multilayered stratum comeum) to water diffusion, after cultures had been grown at the aiivliquid 
interface for three weeks. The existence of an air-liquid interface may create some gradient of 
the molecules contained in the medium, since it implies feeding from underneath, for example a 
vitamin A gradient (Asselineau etal, 1987).
This system has the obvious advantage in that it would allow irritancy testing of substances 
which are intended to be applied topically to the skin.
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1.6. Expoimental Aims
The main aim of this thesis was to assess the suitability of the human keratinocyte as an in vitro 
model for predicting skin irritation potential in man. This was carried out as follows :
1. It is accepted that enzyme release is a good marker for cellular injury in skin, and the release 
of acid phosphatase (AP), measured histologically seems to parallel the development of the
visible signs of irritation in rat skin in vivo after treatment with SDS. An increase in AP activity has been : 
demonstrated in human volunteers which correlated well with erythemal scores and the measurement of AP activity 
has been shown to give an early indication of toxicity in rat tongue q)ithelial (RTE) cells. |
/ This thesis aimed to investigate further whether AP activity is a sensitive
indicator of cytotoxicity in human keratinocyte (HK) cultures and a useful model to assess 
human skin irritation potential of various chenticals. In addition a cytotoxic response was 
confirmed by means of Neutral Red (NR) uptake into lysosomes of living cells. The 
incorporation of human tissue into a cell culture model is a major advantage of an in vitro 
approach as it enables direct interspecies comparison in light of existing in vivo data. 
Preliminary results with HKs, using SDS, were compared with 3T3 cells to assess the specificity 
of the keratinocyte response. Further studies were carried out using 11 test chemicals, which 
exhibited a full range of skin irritation potentials. A collaborative study had provided in vivo 
human and animal data on all 12 chemicals. This data was subsequently compared with AP and 
NR data (Chapter 4.2 ).
Irritancy data for some of the 12 chemicals has been found in the literature. Silver nitrate has 
been found to be caustic and irritating to skin and mucous membranes, in humans. Acetaldehyde 
has also been found to be irritating to mucous membranes. n-Hexane may be imtating to the 
respiratory tract (The Merck Index, 1983). Benzalkonium chloride is a potent eye irritant and a 
moderate to potent skin irritant. Several human cases of contact dermatitis attributable to 
benzalkonium chloride have been reported. Sodium dodecyl sulphate (SDS) is also a potent eye 
irritant and a very potent skin irritant For this reason SDS is often used as a positive control for 
irritation testing (Purchase et al, 1987).
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Tributyltin chloride has been shown to be a strong irritant in human skin (Lyle, 1958). Repeated 
fQ)plication of dibutyltin dichloride to rat skin damaged not only the skin but also the biliary tract 
proving that the conqx)und was absorbed percutaneously (Bames and Stoner, 1958). It has been 
shown to be a strong irritant in human skin (Lyle, 1958).
Irritation data could not be found for 2-methoxy ethanol, toluene, chloroform, 1-butanol or 2- 
butoxyethyl acetate.
2. Cell culture systems are normally limited to testing substances that are soluble in culture 
medium. The NR release assay has been developed to allow the use of conventional cell culture 
models for the testing of insoluble formulations. This thesis aimed to use this assay for the 
irritancy potential screening of cosmetic formulations, using submerged cultures of A431 cells. 
The A431 cell line is a human epidermal carcinoma-derived cell line, used in previous 
cytotoxicity studies (Duffy et al, 1987) and is more amenable to passaging than HK cells 
(Chapter 4.3.).
3. An alternative to conventional submerged cell culture methods is the growth of kératinocytes 
at the air-liquid interface. These systems have been shown to exhibit a morphological 
differentiation comparable to that seen in vivo and may be useful for irritancy testing of 
insoluble substances. This thesis aimed to culture HKs at the air-liquid interface as a possible 
model for testing substances which are intended to be applied topically to the skin (Chapter
4.4.).
4. Cytotoxicity tests are limited in that the endpoint they measure is cell death/viability. This 
represents a late irreversible change in the process of cellular necrosis and hence, rarely provides 
information regarding the mechanisms of toxicity. Primary irritation in human and animal skin is 
characterised by an inflammatory reaction mediated by membrane-derived arachidonic acid 
metabolites and cytokines. Preliminary studies with SDS measured the release of inflammatory 
mediators. A cytotoxic response was confirmed by the NR uptake assay. Mediators were 
selected  on the basis o f the ir involvem ent in the complex mechanisms of inflammation
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specifically, leukotriene (LTB^), leukotriene C4/D4/E4  ^TG^/D^/E^), prostaglandin E2 
(PGÉ2 ), 15-hydroxyeicosatetraenoic acid (15-HETE) and interleukin-la (IL -la). Further 
studies investigated release of LTB4 , PGE2  and IL - la  following exposure to four more 
chemicals (Chapter 4.5).
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2. Materials
2.1. Tissue/ Cells
Full thickness human skin was obtained from mastectomy discard material, supplied by 
the Royal Surrey County Hospital, Guildford, Surrey.
Mouse 3T3 fibroblasts were purchased from Flow Labs., High Wycombe, Bucks.
A431 human epidermal carcinoma-derived cell line were obtained fiom Zeneca pic, 
Alderley Edge, Cheshire.
2.2. Equipment /  Apparatus
Tissue culture plastic ware was supplied by Gibco Ltd., Paisley, Renfiewshire, 
Scotland.
Costar 12-well plates and inserts were supplied by Costar UK, High Wycombe, Bucks. 
Biotek microplate reader (EL340), Winooski, Vermont, USA.
1219 RACKBETA scintillation counter, Pharmacia LKB Biotechnology* Milton 
Keynes, Northants.
2.3. Reagents i  Chemicals
Cell culture media and constituents were supplied by Gibco Ltd., Paisley,
Renfrewshire, Scotland and Sigma Chemical Co. Ltd., Poole, Dorset
Radioimmunoassay and enzyme linked immunosorbent assay kits were obtained from 
Amersham International pic, Amersham, Bucks.
All chemicals unless specified otherwise were supplied by Merck Ltd., Lutterworth,
Leicestershire and were of the highest available purity. SDS (44244 3G), purity 99%.
Rat tail collagen (type VII) (C8897), p-nitrophenyl phosphate (104) and pnitrophenol 
(104-8) were supplied by Sigma Chemical Co. Ltd., Poole, Dorset
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2-Methoxyçthanol, dibutyltin diçhlaridê, tributyltin chloride and benzalkonium chloride 
were supplied by Aldrich Chemical Co. Ltd.* Gillingham, Dorset
Sodium bicarbonate and trypsin-EDTA (lOx) were supplied by Gibco Ltd.* Paisley, 
Renfrewshire, Scotland.
Bio-Rad dye reagent concentrate was supplied by Bio-Rad Laboratories GmbH, 
Munich, Germany.
Pronase was supplied by Boehringer Mannheim UK, Lewes, East Sussex.
Sodium hydroxide was supplied by Fisons, Loughborough, Leicestershire.
Optiphase 'SAFE * scintillation fluid w ^  supplied by Pharmacia LKB Biotechnology, 
Milton Keynes, Northants.
Edianol was supplied by Hayman L ^ ,  Vritham, Essex.
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3. Methods
3.1. Isolation of Human Skin Kératinocytes
3.1.1. Source
Human kératinocytes were isolated as described by Lawrence and Benford (1991).
3.1.2. Reagents
Full thickness skin samples were received from the Royal Surrey County Hospital in plastic 
universals containing 10 -15 ml 3T3-DMEM. Samples were stored at 4°C, prior to isolation, for 
up to 1 week from date of receipt. Serum free 3T3-Dh^M was prepared as for 3T3-DMEM but 
foetal calf serum was replaced by an equivalent volume of reverse osmosis /  double distilled 
water. Pronase was dissolved at 10 mg/ml in serum free 3T3-DMEM. Trypsin-EDTA was 
prepared at a single-strength concentration.
3.1.3. Experimental Procedure
Skin samples were quickly dipped in 70 % alcohol, and subcutaneous fat removed by scraping 
with a shaip scalpel blade. Samples were then washed in sterile PBS and cut into small sections 
(approximately 1 cm^ in surface area). One section was placed in 10% buffered formalin, left 
for 1 week to fix tissue, and then processed for histology. The remaining sections were 
incubated overnight in 10 mg/ml pronase at 4°C. The following morning the epidermis was 
easily peeled away from the underlying dermis. The epidermis was placed in a small petri dish 
(5 cm diameter) containing 5 ml trypsin-EDTA solution, where it was teased apart into smaller 
sections. The petri dish was placed in an incubator at 37°C for 20 minutes. At the end of this 
time 3T3-DMEM (10 ml) was added to the dish. Any remaining large pieces of epidermis were 
further teased apart and the solution was aspirated 10 times with a pipette in order to obtain 
TTiHxiTTiuTTi clispcisal of tbc cells. The resulting cell suspension was filtered through sterile bolting 
cloth (Nybolt, 125 pm pore size) and centrifuged at 50 x g for 10 minutes to pellet the cells. The 
cell pellet was then resuspended in complete HK medium (without EOF) and cell number
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determined, using an improved Neubauer haemocytometer (Shermond Surgical Supply Ltd., 
Hove, East Sussex). Cells were counted in the large square of the haemocytometer chamber 
which indicated the number of cells in 0.1 pi. This was then multiplied by 10^ to give the 
number of cells per ml. At this stage the cells could either be seeded into culture flasks or stored 
frozen for future use.
3.2. Routine Culture of Human Keratinocyte Cultures
3.2.1. Source
The culture and maintenance of human kératinocytes were based on modified methods of 
Barlow and Pye (1990) and Rheinwald (1980).
3.2.2. Reagents and Preparation
3.2.2.1. Preparation of Ingredients for HK Media
Single -strength DMEM 
SOmlDMEM(lOx)
425 ml sterile reverse osmosis and double distilled water 
25 ml sodium bicarbonate
Hydrocortisone
Hydrocortisone (H-4(X)1) was dissolved at 0.4 mg/ml in dimethylfbrmamide and stored at 4°C in 
10 ml aliquots for up to 6  months.
Insulin
Insulin (1-5500) was dissolved fU 0.5 mg/ml in warm PBS and left at 37°C for 2 hours.
The solution was stirred to dissolve remaining solid for a further 2 hours if necessary and then 
filter sterilised (0.2 pm pore size). The solution (5 ml aliquots) was stored at 4°C for up to 2 
months, but was discarded if precipitation occurred.
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Epidermal Growth Factor (EOF)
EGF (E-7755) was dissolved at 10 pg/ml in sterile PBS and stored at 20°C (0.5 ml aliquots) for 
up to 6  months.
Adenine
Reverse osmosis and double distilled water was acidified, using concentrated hydrochloric acid, 
to pH 5 and warmed to 37°C. Adenine (A-2786) was dissolved (2.4 mg/ml) by stirring for up to 
3 hours. The pH of the solution was then adjusted to 7 with IM sodium hydroxide and filter 
sterilised (0.2 pm pore size). 5 ml aliquots were stored at -2 0”C, for up to 6 months.
Cholera Toxin
Cholera toxin (C-3012) was dissolved at 0.8 mg/ml in sterile reverse osmosis and double 
distilled water. This 0.8 mg/ml solution was stored at 4°C, for up to 1 year. This solution was 
diluted to 8 pg/ml by adding 0.1 ml to 10 ml 3T3-DMEM. 0.5 ml aliquots of the stock solution 
of cholera toxin were stored at -20°C, for up to 6  months.
Transferrin ! TH-iodo-thyrdnine (T^)
Tri iodo thyronine (T-6397), 13.6 mg, was dissolved in a minimal amount of 0.02 M sodium 
hydroxide. The volume was made up to 100 ml with reverse osmosis and double distilled water 
and 1 ml aliquots of this T3 solution were stored at -20°C, for up to 1 year. Transferrin (T- 
1147), 250 mg, was dissolved in 30 ml PBS, 0.5 ml Tg solution was then added and the volume 
adjusted to 50 ml. The solution was then filter sterilised (0.2 pm pore size) and stored at -20°C 
in 0.5 ml aliquots, for up to 6  months.
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3.2.2.2. Human Keratinocvtc Stock Medium
The following conqx)sition of culture medium was stable at 4°C for up to 1 month
345 ml Single strength DMEM 
115 ml Ham’s F12
50 ml Foetal calf serum (heat inactivated)
5 ml L-Glutamine (200 mM)
5 ml Kanamycin (10 mg/nil)
3.2.2.3. Complete Human Keratinocvte Medium
The following ingredients were added to 1(X) ml HK stock medium
Final Concentration 
1(X) pi Hydrocortisone 0.4 pg/ml
100 pi EGF lOng/ml
1.0 ml Adenine 24 pg/nil
1.0 ml Insulin 5.0 pg/ml
200  pi Cholera toxin 17 n^m l
1(X) pi Transferrin/T^ 5.0 pg/ml /1.36 ng/ml
Complete HK medium was stable at 4°C, for up to 1 week.
3.2.2.4. Dulbecco’s Minimum Essential Medium (DMEM) for 3T3 Fibroblasts
425 ml Sterile reverse osmosis and double distilled water 
50mlDMEM(10x)
50 ml Foetal calf serum (heat inactivated)
25 ml Sodium bicarbonate 
5 ml L-Glutamine (200 mM)
5 ml Kanamycin (10 mg/ml)
3T3-DMEM was stable at 4°C for up to 1 month.
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3.2.3. Experimental Procedure
Human kératinocytes were cultured in the presence of a mitotically arrested 3T3 feeder layer.
3T3 cells were seeded at a density of 0.3 x 10^ (25 cm^ tissue flasks) either 24 hours prior to, or
at the same time as HK cells. HK cells were seeded at a density of 0.5 x 10^ (25 cm^ tissue
flasks) in complete HK medium in the absence of EGF. If EGF is included at the time of seeding
and YeiidaH
it will reduce the cloning efticiency of the cells (Parkinson, 1992). Culture medium was renewed
A
with complete HK medium (containing EGF) 48 hours after seeding. Medium was then renewed 
every 3 to 4 days. The 3T3 feeder layer was adjusted as required, by the further addition of cells. 
This feeder layer was removed by repeated aspiration (5 - 10 times) witii 0.02% EDTA. Similar 
seeding densities were enoployed for cells stored frozen in liquid nitrogen.
HK cultures were passaged at 80 - 90% confluence in order to obtain optimal yields. Culture 
medium was removed, cells washed with PBS, and then 0.02% EDTA was added. The cultures 
were aspirated 5 -10  times to dislodge any remaining 3T3 feeder layer. This cell suspension was 
discarded and 2 ml tiypsin-EDTA (single-strength) was added. Cultures were incubated at 37°C 
for fqxproximately 20 minutes or until the cells had lifted from the tissue culture plastic. Either 
10 ml 3T3-DMEM or HK stock medium was added, to halt the action of trypsin-EDTA, The 
cells were then pelleted by centrifugation at 50 x g and resuspended in complete HK medium 
without EGF. Cell nuniber was determined using a haemocytometer as previously described and 
cells were then frozen in liquid nitrogen, or seeded into tissue culture vessels.
3.2.3.1. Cryogenic Storage and Thawing of Human Keratinocvte Cultures 
Cells were resuspended in cold (4°C) 3T3 freezing medium (3T3-DMEM containing 10% 
DMSO) and the cell density was adjusted to 2xl0^/ml. The cell suspension was aliquoted into 
sterile cryogenic ampoules (Nunc) and placed in a Handifreeze freezing tray, set at position 1, in 
the neck of a Jencons 35HC liquid nitrogen freezer. Cells were cooled at a rate of -10^ C per 
minute down to-160°C. After 1 hour the ampoules were transferred to trays in a Jencons 5K 
liquid nitrogen freezer.
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Frozen cells were rapidly warmed in a water bath at 37°C. Cells were diluted 1 in 10 in cold 
3T3-DMEM, as soon as the pellet had thawed, to reduce the DMSO concentration to 1% and 
minimise any potential cytotoxicity due to the cryoprotectant. The cells were pelleted by 
centrifugation at 50 x g and resuspended in fresh complete HK culture medium, for subsequent 
culture as described above.
3.2.3.2. Preparation of Mitoticallv Arrested 3T3 Cells
Mitomycin C was dissolved at 0.4 mg/ml in methanol to give the stock solution (10 ml aliquot), 
which was then stored at -20°C, for up to 6 months. ICX) pi of stock mitomycin C solution was 
added to confluent layers of 3T3 cells in 10 ml 3T3-DMEM to give a final concentration of 4 
pg/ml. Cultures were incubated for 2 hours at 37°C, washed with PBS and 2 ml trypsin-EDTA 
(single-strength) added to the flask. Cultures were incubated at 37°C until the the cells had lifted 
from the tissue culture plastic (approximately 3 - 4  minutes). 10 ml 3T3-DMEM was added and 
the cells were pelleted by centrifugation at 50 x g. Cells were pooled in 3T3-DMEM, counted as 
previously described and stored at 4°C, for up to 1 week.
3.2.3.3. Preparation ^  Collagen-coated Plates
This method is a modified version of that of Dougherty et al (1980). Rat tail collagen (type VII) 
was dissolved at 0.5 mg/ml in sterile PBS containing 0.5% acetic acid (pH 4 approximately) and 
stirred for at least 4 hours. The solution was filtered through sterile bolting cloth to remove any 
remaining insoluble material. This stock collagen solution was stored at 20°C until required. On 
the day of use, 20 pi stock collagen and 100 pi PBS were added to each well of a 96-well plate 
(for 24 well plates, 50pl collagen and 500pl PBS were added). Plates were incubated overnight 
at 37®C and then washed twice with PBS. Collagen-coated plastic was stored at 4°C, for up to 3 
months.
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3.2.3 4. Culture of Human Keratinocvtes at the Air-Liquid Interface
Human kératinocytes were plated at 1x10^ per insert, of a 12-well plate, and left for 2 days to 
attach. Two groups of inserts were used, ones that had b ^ n  coated with 17.5 pg collagen and 
ones without collagen ie. cells would grow on the polycarbonate microporous membrane alone. 
Cultures were then air-lifted prior to confluence and left for 14 days with media renewed twice a 
week. Wells left submerged, acted as controls. Samples were placed in 10% buffered formalin, 
left for one week and then processed for histology.
HK cells
air
medium
collagen
polycarbonate 
microporous membrane
stainless steel support
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3.3. Evaluation of Cytotoric Potential
3.3.1. Establishment of Cytotoxicity Assays
3.3.1.1. Treatment of Cultures
HK cells used for cytotoxicity assays were either primary, secondary or tertiary cultures. HK
per m l
cells were resuSpended at a density of 1 x lO^and plated in collagen-coated 96-well plates at 2 x 
10^ per well. 3T3 cells were seeded at 1x10^ cells per well of a 96-well plate. In order to 
achieve comparable levels of confluence in cultures of both cell types, 3T3 cells were grown for 
1-2 days and HK cells for 2r3 days before treatment of cultures. Culture medium was changed 
every 2-3 days, for both cell types. HK and 3T3 cells were seeded at the same density (Tx 10^ 
cells per well), for the short term Neutral Red (NR) uptake assay, and maintained in culture 
overnight, prior to treatment with SDS.
The outer wells of 96 well plates were not used for any of the assays described, as the greater 
rate of evaporation of culture medium may have affected cell growth and viability. Triplicate 
cultures were exposed per treatment group, for each assay, which were as follows:-
Medium blank (cell-free medium), medium control, serial dilutions (2 fold) of SDS. Cultures 
were exposed overnight to SDS for the NR uptake assay, for 4 hours for the short term NR 
uptake assay and for 3 exposure times :-1 hour, 4 hours and overnight for the AP assay.
3.3.1.2. Neutral Red Uptake Assav 
Source / Principle
Neutral Red is believed to enter the cell by non-ionic diffusion and to accumulate in the 
lysosomes of living cells. The proportion of dye taken up by the cells is, therefore, a measure of 
overall viability (Nemes et al, 1979). The method used was based on that of Borenffeund and 
Puemer (1985).
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Reagents
1. Neutral Red stock solution
4 g Neutral Red (N-7005) was dissolved in 100ml reverse osmosis and double distilled water 
(4% solution) and filter sterilised (0.2pm pore size). Stored at room temperature for up to 1 year.
2. Neutral Red medium
125 pi of stock solution was added to 100  ml complete culture medium, to give a final 
concentration of 50 pg/ml. Prepared on day of use, cannot be stored.
3. Destain solution
To make up 500 ml destain solution, 250 ml ethanol was added to 5 ml acetic acid in 245 ml 
reverse osmosis and double distilled water. Stored at room temperature for tip to 1 year.
Experimental Procedure
Cultures were washed with PBS, following an overnight exposure to die test chemical, and then 
incubated with Neutral Red (NR) medium for 3 hours at 37°C. NR medium was removed and 
the cells washed twice with warm PBS to remove unincorporated dye. Cells were destained 
using l(X)pl destain solution per well for 20 minutes with shaking (Luckham Suspension Mixer). 
The absorbance of each well was measured at 540nm using a Biotek microplate reader (EL 340).
Calculations
Data was expressed as a percentage of control cultures. A graph was plotted of % control versus 
concentration of test chemical and from this NR^q values (concentration producing a 50% 
reduction in NR uptake compared with controls) were determined.
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3.3.1.3. Acid Phosphatase (AP) Activity 
Source f Principle
The method used was based on that of Niggli and Rothlisberger (1986) and was based on the 
principle that colourless p-nitrophenyl phosphate is cleaved to yield p-nitrophenol, a yellow 
product, by the action of cytosolic and lysosomal acid phosphatase.
Reagents
1. 50 mM Citrate Buffer (pH 4.8).
40 ml of 50 mM citric acid was added to 60 ml of trisodium citrate dihydrate. pH was adjusted 
with 1 M sodium hydroxide (NaOH) or concentrated hydrochloric acid (HCl) as appropriate. 
Stored at 4°C for up to 2 months.
2. Substrate
p-Nitrophenyl phosphate (PNPP) (5.5 mM). 0.07 g PNPP was dissolved in 50 ml 50 mM citrate 
buffer. Prepared on day of use, cannot be stored.
3. Standards
p-Nitrophenol (PNP) standards were prepared, 0.02 - 0.1 mM, in 50 mM citrate buffer. Stored 
frozen at -20°C, for up to 1 year.
4 .0.IM NaOH
0.4 g NaOH was dissolved in 100 ml reverse osmosis and double distilled water.
Expermiental Procedure
The substrate solution was prepared and warmed to 37°C. Cells were rinsed with PBS, following 
exposure to the test chemical, and lOOpi substrate was added per well of the 96-well plate. The 
plates were incubated at 37°C for 30 minutes. The rate of reaction was linear with time for at 
least 90 minutes. 100 pi 0.1 M NaOH was then added to each well and the absorbance was 
measured at 405nm, against a substrate blank, using a Biotek microplate reader (EL340).
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Calculations
A standard curve was constructed using lOOpl PNP standard in lOOpl 0.1 M NaOH. The amount 
of PNP produced per well was determined from the standard curve. Data was calculated as mM 
PNP released per well and expressed as a percentage of control v^ues. A graph of $  control 
against concentration of test chemical was plotted and from this the AP^pg^^^ values 
(concentration which produced peak enzyme activity), were determined.
3.3.2. Testing witi: Twelve E.C. Chemicals
3.3.2.1. Source
A collaborative study I (CEC, 1989) {provided solubility data, together with in
vivo and in vitro toxicity data on 12 chemicals. The in vitro data was expressed in terms of ID^q 
values (ie. the concentration producing a 50% decrease in protein content). These values were 
used to determine the concentration ranges used in this study.
3.3.22. Treatment of Cultures
HK cells were trypsinised, plated and incubated as described in sections 3.2.3. and 3.3.1.1. 
Triplicate cultures were exposed per treatment group which were as follows Medium blank 
(cell-free medium), solvent control (1% (v/v) solvent if applicable), 8 two-fold serial dilutions of 
test chemical. Cultures were exposed overnight to test chemical for NRU assay and for 3 hours 
for AP assay.
Serial dilutions of test chemicals were prepared, on the day of use, in culture medium, or an 
appropriate solvent for chemicals which were water insoluble. The final concentration of solvent 
in culture medium was not greater than 1% C/v). Chemicals readily soluble in culture medium 
were sodium dodecyl sulphate, 2 -methoxy ethanol, acetaldehyde, benzalkonium chloride and 
silver nitrate. Chemicals soluble in DMSO were 2-butoxyethyl acetate, 1-butanol, toluene, 
chloroform, dibutyltin dichloride and tributyltin chloride. n-Hexane was dissolved in ethanol. 
100 ^1 mineral oil (M-3516) was added to each well immediately after the addition of culture 
medium containing acetaldehyde and 1-butwol, to minimise evaporation.
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Calculations
Rank orders of the chemicals for each assay, AP and NR uptake, were compared using the 
Spearman rank correlation and expressed as Spearman rank correlation coefficients r^. 
Correlations for the quantitative data were expressed as correlation coefficients r.
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3.4. In  Vitro Irritancy Testing of Cosmetic Formulations
3.4.1. Pretiminary Studies with SDS
A431 cells were trypsinised from 80 - 90% confluent flasks, using single-strength trypsin EDTA 
as described in section 3.1.2., counted and plated in 96-well plates. Cells were plated at 3 
different densities :-1 ,2  and 4 x 10^ cells per well. Cells were grown until confluent and the NR 
release assay was performed within 3 days of cultures attaining confluence. Cultures were 
exposed to SDS at the following concentrations 50,100, 500,1000, 5000 and 10000 pg/ml for 
either 1,5 Or 10 minutes.
3.4.1.1. Neutral Red Release Assav 
Source / Principle
Cell membrane damage is often caused by the contact of certain toxic substances with cells and 
release of intracellular contents may occur as a result of this damage. The method used was 
based on that described by Reader et cU, (1989). Cells are preloaded with Neutral Red (NR) dye 
and the amount of dye released is indicative of the degree of damage, following exposure to test 
substances. Conventional submerged cultures are restricted to testing substances that are soluble 
in culture medium. This assay has the advantage of allowing direct exposure to medium 
insoluble compounds ie. cosmetic formulations.
Reagents
NR medium and destain solution were prepared as described in section 3.3.1.2.
Experimental Procedure
Cultures were preloaded with NR dye by incubating in NR medium for 3 hours at 37®C. 
Cultures were rinsed with PBS following exposure to SDS and NR ^stain  added. Cultures were 
agitated on a multiplate shaker for 20  minutes to disperse released dye.
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Calculations
The mean absorbance of each set of 6  replicate cultures, per treatment group, was determined It 
was assumed that release of NR did not occur under control conditions, and therefore the 
absorbance of control cultures represents the original amount of NR present in all treated 
cultures. The amount of NR released as a result of exposure to the test formulations was 
calculated as follows
Neutral Red release (%)= 100 - A Test x 100
AControl
Where A Test is the absorbance following exposure to the undiluted formulation and A Control 
is the absorbance of the respective control cultures.
3.4.2.Cytotoxic!ty of Cosmetic Formulations
Cultures were prepared as described in ^ t i o n  3.4.1., using a seeding density of 4 x 10^ cells 
per well of a 96 well plate. Culture medium was removed, from each well, and replaced with 100 
pi NR medium. After a 3 hour incubation at 37°C, NR medium was removed and replaced with 
fresh culture medium. Confluent monolayers of A431 cells were exposed to neat concentrations 
of test formulations for 5 minutes (6  replicate cultures per formulation). Sanq)le volume was 50 - 
100  pi, depending oh the viscosity of the product, but a complete covering of the cellular 
monolayer was ensured. Control cultures received PBS only. All cultures were aspirated with 
PBS, after a 5 ntinute exposure period, until all formulation was removed. The cells were 
examined microscopically to ensure that cell detachment had not occurred during the washing 
procedure. 100 pi NR dcstain solution was then added, which fixed the cells and released any 
remaining NR. The culture plate was agitated on a Luckham Suspension Mixer for 20 minutes, 
to disperse the released dye and the absorbance of the solution was measured at 540 nm on a 
Biotek microplate reader (EL340), within 2 hours. The plate reader was zeroed on the blank 
well, containing destain solution alone.
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3.5. Determination of Inflammatory Mediator Release in Human Keratinocvte Cultures
3.5.1. SDS»Induced Release of Inflammatory Mediators
3.5.1.1. Treatment of HK Cultures
Human kératinocytes, used for inflammatory mediator determinations, were either primary, 
secondary or tertiary cultures. HK were Seeded at 1x10^ cells per collagen-coated well of a 24 
well plate and maintained in culture for 2 - 5 days to allow cultures to reach confluence, prior to 
treatment with the test chemicals. Culture medium was changed every 2 - 3  days.
Cells were treated with SDS, selected as representative of a known skin irritant. Mediator 
release was deteimmed at 3 rime points :-1 hour, 4 hours and overnight (18 hours).
Initial experiments employed triplicate cultures per datum point and a duplicate determination 
was performed for each triplicate culture. This was subsequently reduced to duplicate cultures 
as inter-replicate variation was not greater than 10%.
Incubation volume with test chemical was 1.5 ml of culture medium per well (24 well plate). 
Culture medium was removed from the cell layer, aliquoted and stored at -20°C until time of 
analysis (up to 2 months). Cells were washed with PBS and cellular protein was solubilised by 
the addition of 1 ml 1 M NaOH to each well. Plates were left at 37°C and protein determinations 
were carried out within 1 week.
Intracellular levels of interleukin-la (IL-la) were determined by the addition of 1.5 ml fresh 
medium to the cell layer, which was then immediately frozen in liquid nitrogen for 2  hours. 
Frozen cultures were then thawed rapidly in a water bath at 37 °C and sonicated with a Dawes 
ultra sonic probe, utilising an 8 second burst to release cellular contents. Cells were checked 
microscopically to confirm lysis. Cell lysates were centrifuged at 100 x g for 15 minutes to pellet 
cell debris. The supernatants were stored at -20°C until time of analysis (up to 2 months).
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Great care was employed for performance of radioimmunoassay (RIA) and enzyme linked 
immunosorbent assay (ELIS A) to avoid any potential contamination of samples. Fresh, clean 
pipette tips were utilised per individual sample and gloves were worn throughout the entire 
procedure.
3.5.1.2. Determination of Interleukin-la 
Source /Principle
This assay is based on the "sandwich" enzyme immunoassay technique. The assay was 
developed and provided as a commercial kit by Amersham International pic. A monoclonal 
antibody specific for IL -la  was coated onto a microtitie plate. IL -la  in samples was bound by 
this immobilised antibody. Removal of unbound IL-la, was achieved by washing and then an 
enzyme-linked polyclonal antibody (specific for IL -la) was added. This binds to any IL l a  
immobilised during the first incubation. Unbound antibody-enzyme reagent is removed by 
washing and then a substrate solution is added which is cleaved by the antibody-enzyme to a 
coloured product The colour develops in proportion to the amount of IL -la  bound in the initial 
incubation.
Experimental Procedure
Potential interference of the assay, by culture medium or SDS, was determined by the 
incorporation of SDS at appropriate concentrations and culture medium with a known IL -la  
standard. Reagents and working standards were prepared as described in the Biotrak IL -la  
ELISA kit protocol (product no. RPN 2140).
Sample or standard were added to appropriate wells (in duplicate) in the microtitre plate, and 
incubated for 2 hours at room temperature. The plate was washed with buffer, IL -la  conjugate 
was then added and the plate incubated for 1 hour at room temperature. The plate was washed 
with buffer, followed by the addition of substrate solution to each well. Stop solution was added 
after a 2 0  minute incubation at room temperature and the absorbance of the resulting colour 
read at 450nm on a Biotek microplate reader within 30 minutes.
«
Calculations
Â standard curve was plotted, from which the concentration of IL -la  in the unknown samples 
was determined. Data was calculated as pg IL -la  per ml and then expressed as a percentage of 
control values.
3.5.1.3. Determination of Leukotricne By|
Source / Principle
The assay is based on competition between unlabelled leukotriene (LTB ^ and a fixed 
amount of peroxidase labelled LTB^, for binding to a limited number of binding sites on a LTB^ 
specific antibody. The assay employs fixed amounts of antibody and peroxidase labelled LTB^ 
and so the amount of peroxidase labelled ligand bound by the antibody is inversely proportional 
to the concentration of added unlabelled ligand. The peroxidase ligand, bound to the antibody, 
is immobilised on to microtitre wells precoated with second antibody. Unbound ligand is 
removed from the well by washing, a substrate solution is added and then cleaved to a coloured 
product
Experimental Procedure
Potential interference of the assay was investigated as described in section 3.4.1.2. Reagents 
and working standards were prepared as described in the Biotrak LTB^ ELISA kit protocol 
(product no. RPN 223). Standard or unknown sample were pipetted into the appropriate wells, 
followed by the addition of antiserum. The plate was shaken at room temperature (Luckham 
Suspension Mixer) for 2 hours. LTB^ peroxidase conjugate was added and the plato returned to 
the shaker for 1 hour. The plate was washed with buffer, to remove any unbound ligand. Enzyme 
substrate was added and the plate shaken for 30 minutes at room temperature. The reaction was 
halted by the addition of 1 M sulphuric acid and the absorbance read at 450nm on a Biotek 
microplate reader within 30 minutes.
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Calculations
The concentration of unlabellèd LTB^ in each sample was determined by extrapolation from a 
standard curve. Data was calculated as pg LTB4/well and then expressed as a percentage of 
control values.
3.5.1.4. Determination of Prostaglandin Eo (ELISA)
Source ! Principle
The assay is identical in principle to that described in section 3.5.1.3. and is based on the 
competition between unlabelled prostaglandin E2  (PGE2 ) and a fixed quantity of peroxidase 
labelled PGE2  for a limited number of binding sites on a PGE2  specific antibody.
Experimental Procedure
Potential interference of the assay was determined as described in section 3.5.1.2. Reagents and 
working standards were prepared as described in the Biotrak PGE2  ELISA kit protocol (product 
no. RPN 222). Standard or sample were pipetted into the appropriate wells, followed by the 
addition of antibody. The plate was incubated at 4°C for 3 hours. The plate was then placed on 
a tray of crushed ice and PGE2  peroxidase conjugate, also at 4°C, was added and the plate 
returned to 4°C for 1 hour. The wells were washed with buffer, to remove any unbound ligand, 
and enzyme substrate was added. The plate was shaken for 30 minutes at room temperature. The 
reaction was terminated by the addition of 1 M sulphuric acid and the absorbance was read at 
450 nm ona Biotek microplate reader (EL 340).
Calculations
The concentration of unlabelled PGE2  in each sample was determined by extrapolation from a 
standard curve. Data was calculated as pg PGE2 per well and then expressed as a percentage 
of control values.
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3.5.1.5. Determination of 15-Hvdroxveicosatetracnoic Acid 
Source ! Principle
The assay was b a ^  on the competition between unlabelled 15-hydroxyeicosatetraenoic acid 
(15-HETE) and a fixed amount of labelled 15-HETE for binding to a limited amount of 15- 
HETE specific antibody. The amount of radioactive ligand bound by the antibody was inversely 
proportional to the concentration of added non-radioactive ligand. The principle of the assay is 
illustrated as follows :-
Free Bound
15-HETE PlH-15-HETE-antibody
\
+ antibody ________________
15-HETE 15-HETE antibody
Experimental Procedure
Potential interference of the assay was investigated as previously described in section 3.5.1.2. 
Reagents and standards were prepared as described in the 15-HETE ^^^H assay protocol 
(product no. TRK 920). Standard or unknown sample were pipetted into 6 e appropriate tubes.
15-HETE and 15-HETE antiserum were then added. The tubes were vortex mixed and 
incubated for 1 hour at 37°C. The tubes were placed in an ice-water bath and allowed to 
equilibrate for 5-10 minutes, before addition of dextran-coated charcoal. The tubes were vortex 
ntixed and then returned to the ice-water bath to incubate for 10 minutes. The tubes were 
centrifuged (2500 x g) at 4°C for 10 minutes and the supernatant was decanted into scintillation 
vials. The amount of ^ ^^H-15-HETE in the supernatant was detamined in a 1219 RACKBETA 
liquid scintillation counter.
Calculations
The concentration of unlabelled 15-HETE in each sample was then calculated from a standard 
curve. Data was calculated as pg 15-HETE/tiibe and then expressed as a percentage of control 
values.
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3.5.1.6. Determination of Leukotriene Cj^ IDj^ IE j^
Source ! Principle
The assay was based on the same principle as the RIA for 15-HETE, and utilised a tracer (^^^H- 
leukotriene C4 ) and antiserum (a peptido-leukotriene specific antibody).
Experimental Procedure
The assay protocol was similar to that of the 15-HETE RIA and details are given in the 
Leukotriene C4/D4/E4  assay protocol (product no. TRK 910). Interference of the assay by 
SDS or culture medium* was again checked.
Calculations
From a standard curve data was calculated as pg LTC4/tube and expressed as pg LT released 
per pg protein.
3.5.1.7. Determination of Prostaglandin En (RIA)
Source ! Principle
The assay is based on the conversion of 13,14-dihydro-15-keto-prostaglandin E2  to 11-deoxy- 
13,14-dihydro-15-keto-Hp, 16e-cyclo-prostaglandin E2  (bicyclic PGE2 ) by sodium carbonate, 
at pH 10 -11. The assay then utilises the same principles as previously described in sections
3.4.1.5. and 3.4.1.6. but uses t^fe-bicyclic PGE2  as tracer and an antibody specific for bicyclic 
PGE2.
Experimental Procedure
Conversion of PGE2  to the stable bicyclic metabolite was achieved by adding 1 M sodium 
carbonate to samples and standards and then an incubation at 37°C for 24 hours. 1 M 
potassium phosphate (pH 7.4) was then added. From this stage the assay protocol is similar to 
that previously described in section 3.4.1.5. and details are given in the assay protocol (product 
no. TRK 800).
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Calculations
A standard curve was plotted and from this, data was calculated as pg bicyclic PGE2/tube and 
then expressed as a percentage of control values.
3.5.1.8. Measurement of Cellular Protein
Source / Principle
The method is a modified version of that described by Bradford (1976) and is based on the 
observation that the absorbance for Coomassie Brilliant Blue shifts from 465 nm to 595 nm 
when binding to protein occurs.
Reagents
1. Bio-Rad reagent concentrate, shelf life 1 year at 4°C.
A working solution was prepared immediately prior to use by diluting 3 volumes of dye with 7 
volumes of distilled water. The solution was then filtered through Whatman No. 1 piq)er.
2. Protein standards.
Bovine serum albumin (Fraction V, A-4503) standards were prepared in distilled water at 
concentrations in the range 0.025 - 1.4 mg proteih/ml. These standards were stored at -20°C 
and reused for up to 2  years.
Experimental Procedure
50pl of standard or sample was transferred into a well of a 96-well plate, in duplicate. lOOpl of 
diluted reagent was added and the plate was shaken on a Luckham Suspension Mixer. 
Absorbance was measured at 595nm against a reagent blank, using a Biotek microplate reader 
(EL 340), within 1 hour. The volume of sample per well may be varied but the total volume in 
the well must be 150 pi and the final concentration in the well must be a 1 in 5 dilution of the 
original dye concentrate.
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Calculations
The protein concentration was determined from a standard curve of absorbance against mg/ml 
BSA concentration.
3.5.2. Release of Inflammatory Mediators Produced by Four Test Chemicals
3.5.2.1. Treatment of HK Cultures
Human kératinocytes were seeded and grown in 24 well plates as described in section 3.5.1.1. 
Serial dilutions of test chemicals were prepared, on the day of use, in culture medium or DMSO, 
as described in section 3.3.2.2. Duplicate cultures w e^ exposed overnight per treatment group 
of 2-methoxy ethanol, 2-butoxyethyl acetate, benzalkonium chloride and tributyltin chloride. IL- 
la , LTB^ and PGE2  release was determined as described in section 3.5.1.
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3.6. Histology
3.6.1. Fixation and Processing of Human Skin for Light Microscopy
Freshly excised 1 cm^ samples of human skin were fixed in 10% buffered formalin (pH 7.4) for 
at least 1 week. They were then processed in an automatic tissue processor (histokinette) using 
the following solutions :
Dehydration
dealing
70% IMS 
80% IMS 
90% IMS
100% IMS (x3 changes) 
Toluene (x3 changes)
Wax Impregnation Molten wax at 60°C
Fresh wax at 60®C 
The processed tissue was then embedded in wax and sections were cut
1 hour
1 hour
1.5 hours
2 hours each 
1 hour
1.5 hours
2.5 hours
3 hours 
3 hours
3.6.2. Haematoxylin and Eosin Staining
Wax sections were brought to water by dewaxing in two changes of xylene for two minutes 
each, then dehydrating in graded alcohol (100%, 80%, 60% IMS) for a minute each before 
washing well in tap water. Sections were stained in the following way :
1. Stained in Harris' Haematoxylin for 11 -12 minutes.
2. Washed in running tfq) water to remove excess stain, until sections were blue.
3. Differentiated in 1% acid alcohol for 4 - 5 seconds (sections were now pink).
4. Washed well in Scott's tap water substitute to "blue" the sections (20 - 30 seconds).
5. Nuclear staining was checked microscopically (nuclei should be blue and cytoplasm clear).
6. Counterstained in 1% Eosin for 5 - 7 minutes.
7. Washed well in running tap water to remove excess stain (a few seconds only).
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8. Dehydrated in graded alcohols; 85% for 30 seconds then a minute each in two changes of
9. Sections were cleared in two changes of xylene for 2 minutes each.
10. Sections were mounted with coverslips using DPX.
Nuclei appeared blue/black in colour, the cytoplasm was varying shades of pink and collagen 
appeared pale pink/red.
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4.1. Morphology of Human Skin and Human Keratinocyte Culture
Page
4.LL Morphology of Human Skin 78
4.1.2. Human Keratinocyte Culture 80
77
4.1.1. Morphology of Human Skin
In order to confirm that the tissue to be used for keratinocyte isolation was normal, tissue 
sections were processed and stained as described in methods section.
Figure 1.1. shows a section of full thickness skin which is composed of two layers. The outer 
layer, epidermis, is stained darkly with haematoxylin and eosin due to the high density of cells. 
The inner layer (dermis) consists of mainly pink staining connective tissue, and is composed of 
collagen and elastin fibres. There are three anatomical regions in the dermis, papillary and 
reticular dermis and hypodermis. The interface between the epidermis and dermis is 
characterised by dermoepidermal ridges ("reie pegs").
The cytological details of the layers of the epidermis are shown in Figure 1.2. The cells of the 
stratum basale are cuboidal and form a single layer separated from the dermis by a basement 
membrane too thin to be resolved by light microscopy. The cells of the next layer, the stratum 
spinosum are relatively large and polyhedral in shape. The stratum granulosum consists of cells : 
which are flatter and contain granular material (keratohyalin) in their cytoplasm. The stratum 
comeum is the outennost layer, where cells are dead and dying, devoid of nuclei and filled with 
mature keratin.
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Figure 1.1.
H
Magnification x 52. E Epidermis. P  Papillary Dermis. R Reticular Dermis. H  Hypodermis. 
R P "Rete Pegs".
Figure 1.2.
r ^  0 »
M ag n ifica tio n  x 520. D D erm is. B S tra tum  B asa le . S S tra tum  S p inosum . G S tratum  
Granulosum. SC Stratum Comeum.
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4.1.2. Human Keratinocyte Culture
Kératinocytes, in culture, attached as single cells and then grew at the periphery whilst 
stratifying in the centre. Figures 1.3. -1.5. show keratinocyte colony development over a period 
of 7 days. The cells formed intercellular desmosomes and grew as coherent colonies. Cells 
assumed the typical pavement-like appearance of epithelium after approximately 7 days (Figure 
1.5.) and a confluent layer was obtained within 10 -14 days.
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Figure 1.3. Human keratinocyte culture 2 days after plating (xlOO).
Figure 1.4. Human keratinocyte culture 5 days after plating (xlOO). G growing cells. F  3T3 
fibroblasts. D dead cells.
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Figure 1.5. Human keratinocyte culture 7 days after plating (xlOO).
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4.2.1. Establishment of Cytotoxicity Assays 
Introduction
Intracellular acid phosphatase (AP) activity was investigated as aj specific  ^indicator of 
cytotoxicity in human keratinocyte cultures and to determine whether it was a suitable model 
system to assess the human skin irritation potential of various chemicals. Preliminary studies 
were carried out using the surfactant SDS, selected as being representative of a known skin 
irritant. Data was obtained in HK cells and a fibroblast cell line to compare sensitivity. NR 
uptake, in each cell type, was also measured to enable a comparison with a more routinely used 
cytotoxicity assay.
Results
A clear dose response relationship is shown in Figures 2.1 and 2.2, where intracellular AP 
activity in HK cultures is seen to increase, with increasing concentrations of SDS, to 200% and 
155% above control activity at 1 and 4 hours, respectively. Activity decreased after an overnight 
exposure (Figure 2.3). The peak in activity occurred at 250pg/ml for 1 hour incubation and at 
140 pg/ml for a 4 hour exposure; levels declined at higher concentrations of SDS. In contrast, 
cellular AP activity in 3T3 cells, at the comparable exposure time of 4 hours, exhibited a 
maximal response of only 120% of control values at 70 pg/ml; AP activity also declined at 
higher concentrations of SDS (Figure 2.4).
Short term NR uptake (ie. within the first 4 hours of incubation with NR medium), in untreated 
cells, was 2-fold greater in HK cultures compared to 3T3 cells over a 4 hour period (Figure 2.5). 
Following a 4 hour incubation, in the presence o f SDS, HK cells showed a greater than 20% 
decrease in NR uptake at 17.5 pg/ml whereas with 3T3 cells a similar decrease was not seen 
until 50 tig/ml (Figure 2.6). HK and 3T3 cells had been seeded at the same density (1 x 10^ cells 
per well) for the short term NR uptake assays. NR^q values, calculated following an overnight 
exposure of cells to SDS, were similar for HK and 3T3 cells (Table 2.1).
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Table 2.L NR5 0  Values for 3T3 and Human Keratinocyte Cultures Exposed to SDS
Cell Type Strain Passage
Number
NR^a Value
m m
Mean(®)
HK 30 2 73.4±12.2
HK 17 3 70.9± 8.3 69.6± 3*1
HK 13 2 67.5±24.7
HK 22 1 66 .7 0 »)
3T3 63.5± 12.6
Data are the means of at least 2 experiments for each individual HK strain, (a) Mean of 4 strains 
± SD for HK, mean of 6 separate experiments ± SD for 3T3. (b) Mean of 1 experiment. 
Triplicate cultures were prepared for each individual experiment Cells were incubated overnight 
in the presence of SDS. NR5Q value calculated as concentration which produced a 50% 
decrease relative to controls.
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42.2. Testing with 12 E C. Chemicals
Introduction
Twelve chemicals, exhibiting a wide range of skin irritation potential from non-irritant to 
strongly irritant/corrosive, were selected. A collaborative study (CEC, 1989) provided in vivo 
human and animal data on these 12 chemicals. Intracellular acid phosphatase (AP) activity (3 
hour exposure) and Neutral Red (NR) uptake (overnight exposure) were as markers of 
cytotoxicity and compared with the available in vivo data, to investigate the usefulness to 
provide meaningful information.
Results
NRgQ and A P^g^^ values for each chemical are shown in Table 2.2. Chemicals were ranked 1 
to 12 for NR and 1 to 11 for AP (no peak activity was produced with acetaldehyde treatment) in 
order of increasing toxicity. For clarity each chemical was abbreviated and then included, where 
appropriate, on each graph. Figure 2.7 shows that the rank orders obtained for NR and AP were 
identical (acetaldehyde was om itted from NR ranking). In vivo data provided by the 
collaborative study (CEC, 1989) had also been ranked in order of increasing potency (Table 
2.3).
Both assays exhibited good correlations with the animal irritation rank orders (rg=0.92 for NR 
and Tg=0.9 for AP) (Figures 2.8 and 2.9). The outliers in both cases were chloroform, 1-butanol 
and hexane. Outliers were defined as those chemicals whose Spearman rankings, when 
compared in vivo and in vitro, differed by 2  or more.
Poor correlations were obtained (rg=0.57 for NR and rg=0.62 for AP) for comparison of the data 
with cutaneous blood flow volume (CBFV) (human) data (Figures 2.10 and 2.11). Outliers 
obtained for the NR comparison were 1-butanol, chloroform, acetaldehyde and benzalkonium 
chloride. Outliers for the AP comparison were again 1-butanol, chloroform and benzalkonium 
chloride, as well as toluene, SDS and n-hexane.
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Figure 2.12 shows a very good correlation between quantitative data of the two cytotoxicity tests 
(fg-l.O). However, poor correlations.were found between the quantitative data of the 
cytotoxicity tests and data obtained for the in vivo animal and human experiments (Figures 2.13 
- 2.16). Correlations were slightly better for CBFV data. Correlation coefficients were 0.68 and 
0.58 for NR data, and 0.67 and 0.58 for AP data, when both assays were conq)ared with CBFV 
and animal data, respectively.
93
Table 22. NRgg and Values for HK Cultures Exposed to Test Chemicals
Chemicals MeanNRcA
(mgAnl) ( S d f ( p « * )
2 -methoxy ethanol 57.1±6.1 200
1-butanol 6.3±0.4(*) 16
2 -butoxyethyl acetate 4.6±0,3(®) 8
chloroform 2.2±0.04 4.0 and 6.0
toluene 1.12±0.04(®) 0.8
n-hexane 0.11±0.003(®) 0 .2
SDS 0.08± 0 .012 0.16
acetaldehyde 0.044± 0.005 No Peak
silver nitrate 0.0071± 0.0006 0.128
benzalkonium chloride 0.0033± 0.0003(®) 0.032
dibutyltin dichloride 3.1x10‘^ ± 5 x10'5 0.0048
tributyltin chloride 2 .8x l0^ ±  lxlO‘5 0.0024 and 0.0048
Cultures were exposed to chemical for three hours prior to AP determination and overnight prior 
to NR determination. Data are two separate AP experiments. Where the AP^g^^\ value differed 
between experiments both values are quoted. Data are the mean ± SD o rm n ^  separate NR 
experiments, (a) denotes two separate experiments ± SD. Triplicate cultures were préparai for 
each individual experiment. Chemicals were ranked, 1 -1 1  (AP) or 1 - 12 (NR), in order of 
increasing potency.
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Table 23. In  Vivo Irritation Rank Order and Quantitative Data
Chemicals Human Data
(a) (b)
Animal Data 
(c) (d)
2 -methoxy ethanol 1 0.43 1 0
2 -butoxyethyl acetate 2 1.7 2 0.05
acetaldehyde 3 10.6 7 3.94
toluene 4 11.5 4 2.67
n-hexane 5 11.9 4 1.05
SDS 6 133 8 *
benzalkonium chloride 7 12.8 9 *
1-butanol 8 16.2 4 1.77
silver nitrate 9 * Not Ranked *
dibutyltin dichloride 10 * 11 *
chloroform 11 * 6 2.5
tributyltin chloride 12 * 10 3.1
Data obtained fh>na a collaborative study (CEC, 1989). (a) CBFV rank order, based on both 
phases of the human study (phase 1 = mean CBFV in volunteers obtained 12 hrs after 48 hrs of 
application, phase 2 = mean CBFV in volunteers obtained 1,24,48 and 72 hrs after 3 hrs of 
application), (b) Quantitative CBFV data taken from phase 2 of human study and using 10% 
dilution values, (c) Animal data rank order, based on 4 parameters : mean erj^em a (<<Se>>) 
and mean oedema ( « S o » )  scores over 24, 48 and 72 hrs, maximum eschar score and 
maximum eschar score after 14 days, (d) (Quantitative animal data taken as the highest score 
« S e »  or « S o »  using 100% dilution values. * data not available.
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4%3. Discussion
Preliminary studied with SDS, in HK cultures, have shown that as the concentration of SDS is 
increased intracellular AP activity rises to a peak, of between 1.5 to 2 times control activity 
followed by a fall to below control levels. This peak activity, which was observed at 1 and 4 
hour exposure time points, may represent an increase in both lysosomal and plasma membrane 
permeability, following exposure to SDS. This will enable substrate (p-nitrophenj^ entry into 
the cells. The product p-nitrophenol is freely diffusible across cellular membranes. The fall in 
AP, at higher dose levels, may be due to leakage of the enzyme itself out of the cells, as a result 
of more severe membrane damage. If any enzyme leaked out it would be renaoved in the wash 
step following exposure to SDS and before the addition of substrate solution. Gajjar and Benfbrd 
(1987) reported a similar response in AP activity in rat tongue epithelial (RTE) cells following a 
4 hour exposure to SDS. In their study, two formulations of SDS were used, SDS (C10-C14) 
and SDS (C12), which exhibited peak activity at 500pg/ml and 250pg/ml, respectively. The 
formulation of SDS used in this study was SDS (C12). The results shown here show peak AP 
activity at 250p,g/ml and 140pg/ml at 1 and 4 hour time points, respectively, therefore compare 
well with the wmk of Gajjar and Benford.
When 3T3 cells were exposed at a comparable time point an increase in AP activity was 
observed but it was not nearly so pronounced as that seen with HK cultures. Gajjar and Benfbrd 
(1990) have reported the absence of an AP peak with 3T3 cells, following the exposure of 3T3 
cultures to the cationic detergents, the trimethylammonium bromides. The data presented in this 
thesis therefore supports their conclusion that AP may be a speciHc indicator of toxicity in 
kératinocytes. This view is further substantiated by the work o f Gibson and Teall (1983). Their 
work suggested that much of the enzyme activity released during skin irritation, produced by 
SDS in rat skin, originates finom the epidermis rather than the dermis.
Increases in AP activity, in HK cultures, at lower concentrations of SDS, which may have shown 
a greater sensitivity of ± e  assay, were not statistically significant and variation was observed 
between different HK strains. This may be due to variations in degrees of differentiation
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between strains. The short term NR uptake assay denwnstrated a differential response between 
3T3 cells and HK, over a comparable time scale employed for determination of AP activity. Hie 
data suggests that HK are more sensitive to the effect of SDS on lysosomal membrane function, 
since decreases in NR uptake were seen at lower concentrations of SDS in HK cultures. Control 
data, comparing the uptake of NR after a 4 hour incubation, demonstrated that almost twice as 
much NR was taken up into HK cultures. The cells were treated under identical conditions, with 
the exception of culture medium conqxisition and, allowing for a lower attachment efficiency of 
HK, more 3T3 cells were present at the time of incubation. NR enters the cell by non-ionic 
diffusion through the cell membrane where it then accumulates in the lysosomes of living cells, 
although it is uncertain whether this step is due to an active or passive mechanism (Borenfreund 
and Puemer, 1985). Differences in NR uptake between the two cell types may reflect either a 
greater lysosomal content per cell in HK cultures or a greater diffusion of NR into lysosomes of 
HK cells. The acid hydrolases, including acid phosphatase, contained within the lysosomes of 
kératinocytes are responsible for the degradative processes associated with stratum comeum 
formation. This role for kératinocytes within the epidennis makes it more likely that this cell 
type will contain more lysosomes than fibroblasts.
Overall, the short term NR uptake data and the manifestation of peak AP activity indicate a rapid 
perturbation of lysosomal membrane function, in human keratihocytes, following exposure to 
SDS. Recovery of the cells, following exposure to SDS  ^has not been investigated, although, the 
fact that the peaks in AP activity occur at or above the NR^q value suggests that the response 
may be irreversible. However such an early biochemical response may be a useful indicator of 
skin irritation potential, particularly of surfactents, which act by lowering the surface tension and 
primarily affect biological membranes.
The fact that the AP response has been demonstrated in HK cultures is encouraging in relation to 
possible assessment of human skin irritation potential and also that changes in this parameter are 
associated with skin irritation in experimental animals.
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Preliminary data in this thesis showed that a peak in AP activity occured over a range of SDS 
concentrations. It was therefore decided to use this parameter, together with the NR uptake 
assay, in a study that conq)ared in vitro data with available animal and human in vivo data. From 
Table 2.2 it can be seen that for all chemicals, with the exception of toluene, the peak in AP 
activity occurs at a concentration higher than the NR^q value. The identical ranking for NR and 
AP data may be explained by the fact that both parameters are indicators of lysosomal 
membrane function. Their identical ranking implies that both assays are equally suitable for 
predicting the order of toxicity.
Poor correlations between cutaneous blood flow value (CBFV) data and the in vitro data may be 
explained by a shortcoming in the way the CBFV data has been ranked. Many of the chemicals, 
specifically n-hexane, toluene, acetaldehyde, SDS and benzalkonium chloride, had a CBFV of 
the same order of magnitude (values ranged from 10.6 to 13.2), and so it is possible that when 
the standard deviations of these values are taken into account the chemicals may all rank equally. 
This implies that the measurement of CBFV is not very sensitive.
Chloroform, 1-butanol and n-hexane were consistent as outliers in rank and problems with their 
volatility may be an explanation for this. Attempts to reduce their evaporation, by using mineral 
oil, did not alter their rank order positions. Toluene, acetaldehyde, SDS and benzalkonium 
chloride were also outliers, but to a lesser extent. Again volatility problems may be an 
explanation for toluene and acetaldehyde. Differences seen with SDS and benzalkonium 
chloride may be explained by the shortcomings in the way CBFV data was ranked, as outlined in 
the previous paragraph. The use of mineral oil to reduce evaporation of acetaldehyde and 1- 
butanol may have presented an additional problem. If its removal from the well, during the wash 
step after exposure, was not complete any remaining oil may have interfered with subsequent 
NR and AP assays.
The quantitative human data was taken from phase 2 of the human study, and was the mean 
CBFV over 8 volunteers obtained 1, 24, 48 and 72 hours after 3 hours of application. The
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quantitative animal data was either the mean erythema score over all animals and all observation 
times ( « S e » )  or the mean oedema score over all animals and all observation times ( « S o » ) ,  
whichever was the highest Comparisons with quantitative data were difficult due to the fact that 
not all 12 chemicals had been tested at the same concentration in vivo. Data used for comparison 
was the concentration at which most chemicals had been tested For CBFV this was 8 chemicals 
at 10% and 7 at 100% for animal irritation. Poor correlations between the quantitative data may 
be explained by scale differences between the in vitro and in vive? experiments. In vitro, the data 
for the 12 chemicals covers a range of 5 orders of magnitude whereas in vivo the range of the 
data is only 2 orders of magnitude. This would also seem to imply that the in vitro assays could 
be more sensitive in detecting categories of irrita^  potential. The animal in vivo irritation data 
and the in vitro data correlated well when rank orders were compared (r^ values were 0.92 and 
0.9) but the correlation was poor when quantitative data was compared (r^ values 0.58 and 0.58). 
This may be explained by differences in the number of parameters used for the animal data. Data 
was ranked using four parameters (mean erythema score over 24,48 and 72 hours, mean oedema 
score over 24, 48 and 72 hours, maximum eschar score and maximum eschar score after 14 
days), whereas the quantitative data was one parameter alone (erythema or oedema score, 
whichever was the highest).
The number of parameters used may also mean that the ranking of the animal in vivo irritation 
data was more reliable. The four parameters described above were used, whereas the ranking of 
the human in vivo data was based on one parameter alone. In the context of the complete 
irritation response measurement of CBFV, gave an indication of only one part of the response 
ie. increased blood flow producing erythema. It does not take into account other signs of 
inflammation. Parameters measured in the animal study give an indication of the whole 
inflammatory response. The in vivo parameters used detect clinical signs of inflammation and as 
such they are not directly relevant to the in vitro parameters used, ie. indicators of lysosomal 
membrane function’ However, it is a major problem to find relevant in vivo data that can be 
directly conq)ared. Nonetheless the good rank correlation found between the two in vitro assays
109
and in vivo animal data implies a relationship between cytotoxicity, measured in vitro, and skin 
irritation in animals.
The collaborative study (CEC, 1989) has also compared the in vivo data with data from 3 in vitro 
assays. Specifically, growth inhibition, measured as the concentration producing a 50% 
reduction in total protein content (ID50) in HEp-2 cells, derived finom a human carcinoma of the 
larynx; uridine uptake inhibition, measured as the concentration required to induce a 50% 
inhibition of uridine uptake (UI50) in embryonic mouse cells; electrical resistance measurement 
(ERM) in rat skin slices. The best correlations were found between animal irritation in vivo and 
the two cytoxicity assays measuring UI50  and ^50* ranking methods were used. All other 
correlations were poor. Smith et al (1992) compared rat oral LD^q data with IDgQ data from 
mouse derived 3T3-L1 cells and found a good correlation between the two (r=0.85). Osborne 
and Perkins (1994) examined NR uptake in HK cultures. Decreased cell viability showed a 
promising correlation (r=0.87) with human skin irritation data for several chemicals including 
SDS and benzalkonium chloride. However they found that the in vitro system underestimated 
the in vivo irritation potential of acids and alkalis. The authors concluded that this was possibly 
due to the buffering edacity of culture medium, which would reduce the effect of an extremely 
high or low pH on the cells.
Inspite of this the results are encouraging and may help to establish methods of detecting the 
irritation potential of a chemical based on its cytotoxicity data. Obviously, many more chemicals 
will have to be tested before defirtitive conclusions can be made. This type of study is limited to 
testing substances that are soluble in culture medium and does not provide information of the 
mechanisms of irritation. In view of the parameters measured in vivo it may be more relevant to 
determine inflammatory mediator release. The main obstacle to the successful development of 
this type of study is being able to obtain appropriate and reliable in vivo data, for each chemical, 
before any comparisons can be made.
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43.1. Preliminary Studies with SDS
Introduction
Preliminary studies were carried out in order to establish optimal assay conditions for the 
Neutral Red (NR) release assay. Cells were seeded at 3 different densities and exposed to the 
known skin irritant, SDS, for varying time periods.
Results
A seeding density between 1 and 2 x 10^ cells per well required 7-10 days for the cells to reach 
confluence, whereas a seeding density of 4 x 10^ cells per well allowed the assay to be 
performed within a working week. The higher seeding density was therefore chosen for all 
subsequent studies.
Neutral Red (NR) release following exposure of A431 cells to SDS for 1, 5 and 10 minutes is 
shown in Figures 3.1 - 3.3. The results were very similar irrespective of the exposure time. The 
mean NR release value at 1 mg/ml SDS, over the three time points, was 35.6% ± 6.2. The NR 
release value is directly proportional to the degree of cell death. A 5 minute exposure time was 
selected for subsequent studies, because of the convenience of dosing and washing of test 
substances from the cellular monolayer. This was considered to be a potential technical problem 
in the case of viscous formulations.
The dose response curve for the release of Neutral Red from A431 cells following a 5 minute
exposure to SDS is shown in Figure 3.2. The calculated NRR^q value, ie. the concentration
giving a 50% release of Neutral Red compared to control cultures, was 2.5 mg/ml. A similar
value was obtained following either a 1 or 10 minute exposure (Figures 3.1 and 3.3).
Concentrations of SDS at or below 0.5 m gW  did not produce an appreciable release of Neutral
Red (Figure 3.2), but exposure to 1 mg/ml or above resulted in a NR release value of at least 
p30%. Studies on AP activity in tape strip of human skin demonstrated a reduction in activity at 1 j
Ï mg/ml, but no effect was observed at 0.1 mg/ml (Niggli and Rothlisberger, 1986).
The dose response curve for SDS (Figure 3.2) showjijphases. These were uséd to arbitrarily
select NR release values as cut-off points for each category of irritant. A NR release value below
112
. ^ !/moderate;
5% was chosen to indicate a non-irritant, values between 5 and|90% indicated mild irritants,• . L i A
and values above 90% indicated severe irritants. For
example a concentration of SDS below 0.5 mg/ml would imply a non-irritant concentration 
whereas concentrations above 5 mg/ml would be considered severely irritant
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43.2. Cytotoxicity of Cosmetic Fonnulations
Introduction
The following study investigated die use of the Neutral Red (NR) release assay for the screening 
of cosmetic formulations for irritancy potential. Ten formulations were tested, for which limited 
in vivo human skin irritation data was available.
Results
The amount of Neutral Red released from A431 cells was determined for neat application of 
each formulation (Table 3.1).
All formulations, with the exception of Lotion 1 and 2, produced a greater than 50% release of 
Neutral Red compared to control cultures. Data for each product, with the exception of Moisture 
Cream and Lotion 1, exhibited good inter-experimental reproducibility.
The number of washes needed to totally remove formulations from the cultures varied between 1 
and 10 (Table 3.1). Microscopic examination o f the cultures confirmed that cell detachment had 
not occurred during the washing procedure.
NR release values from the dose response curve for SDS (Figure 3.2) were also used to 
categorise the formulations. Comparison of the different formulations indicated that Lotions 1 
and 2 could be considered mild irritants. Eye Gel, Moisture Cream, Mud Shampoo, Baby 
Shampoo, Lotion 3 and Perfume Oil 2 could be considered moderate irritants and Eye Make-up 
Remover and Perfume Oil 1 could be considered severe irritants.
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Table 3.L Neutral Red Release following Exposure of A431 Cells to Cosmetic 
Formulations
Formulation NR Release (%) Number of 
Washes
Eye Gel 80.6±4.9 5
Moisture Cream 78.3±30.5^ 10
Mud Shampoo 89.7±2.3 10
Lotion 1 38.6±28.5 4
Lotion 2 29.0±7.8 3
Lotion 3 71.0±9.6 3
Baby Shampoo 88.0±3.6 3
Eye Make-up Remover 94.3±2.5 1
Perfume Oil 1 93.711.5 3
Perfume Oil2 85.711.5 3
Data aie the mean ± SD of three separate experiments, a) Data are the mean ± SD of six separate 
experiments. Six replicate cultures were prepared for each individual experiment. Data are 
expressed as a percentage of control cultures. Formulations were applied neat for 5 minutes to 
cell cultures and cultures were washed with PBS to remove formulation prior to NR release 
assay.
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4.3.3. Discussion
Several in vitro methods are in the course of development and validation, which have the 
advantage of allowing the direct application of undiluted test material. They include methods 
involving either whole eyes or parts o f eyes (such as corneas) and the chicken egg 
chorioallantoic membrane (CAM) (Frazier et o/, 1987). In contrast to these methods cell culture 
techniques usually require the test material to be diluted in culture media. The Neutral Red (NR) 
release assay was developed specifically for the testing of formulations, in cell culture models, 
by Reader et al (1989). The short exposure times used for the assay limit it to testing rapidly 
occurring effects, directed specifically at the cell membrane. Unlike the NR uptake assay, this 
assay was not designed to be a test of general cytotoxicity, but to identify substances with the 
potential to cause adverse reactions when in contact with the skin or eye (JNVITTOX, 1990). 
Gettings and McEwen (1990) have evaluated a number of alternative assays to the Draize eye 
test. Preliminary results of the study conducted by the Cosmetic, Toiletry and Fragrance 
Association (CTFA), have shown that the NR release assay appears to be more promising than 
the majority of other alternative assays, for testing alcohol-based formulations (Gettings et al, 
1990). Wallace et al (1992) evaluated the NR uptake and release assays using the first 10 MEIC 
test materials. In contrast to thé previous study, this study concluded that the NR uptake assay 
was more useful for predicting human toxicity. However the Wallace study had only compared 
the in vitro data with either the human acute oral lethal dose or the human acute lethal blood 
concentration, no comparisons had been made with any irritancy data.
The results presented in this thesis show that the A431 cell line is suitable for the evaluation of 
the short-term toxicity and irritation potential of test formulations, by measurement of NR 
release in cultured A431 cells. The known human skin irritant SDS, produced a clear dose 
response in the amount of dye released from cultured A431 cells. The NRR^q value of 3.2 
mg/ml obtained for A431 cultures after treatment with SDS for 1 minute, compared well with 
that of 1 mg/ml reported for 3T3 cells, at a similar exposure time, in the INVITTOX protocol 
(1990). Unfortunately^ data on NR release from human kératinocytes was not available. Studies
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on acid phosphatase (A?) activity in tape strip of hunmn skin demonstrated a reduction in activity 
at a concentration of 1 mg/ml, but no effect was observed at 0.1 mg/ml (Niggli and 
Rothlisberger, 1986). NR release was not observed at concentrations of SDS below 0.5 mg/ml, 
and so this short term assay can be seen to exhibit some correlation between high surfactant 
concentration and a reduction of AP activity. A large data base exists for 3T3 cells (INVITTOX, 
1990), where results are expressed in terms of NRR20 , NRRgQ and NRRgQ values. In this data 
base chemicals were ranked according to NRR^q values but no categorisation was allocated in 
terms of irritation potential.
An attempt has been made to categorise the results obtained using NR release for formulations 
based on dose response data for the known skin irritant SDS (see results section). However it 
may have been pertinent to have included a known non-irritant for preliminary testing as well. 
SDS is a surfactant and will act by reducing surface tension and primarily affecting biological 
membranes. Formulations tested in this thesis may have acted via a different mechanism.
The large inter-experimental variation seen with Moisture Cream and Lotion 1 was probably due 
to technical difficulties involved in adequate removal of the formulations from the cellular layer. 
The variation was not a result of cell detachment during the wash procedure, although abrasion 
of the upper surface of the cell layer may have increased the release of Neutral Red. These 
technical difficulties involving the adequate removal of the formulation after exposure are 
probably the main disadvantage of this assay which was developed primarily for the testing of 
w ater insoluble form ulations. In the final stage o f the assay, the p late  is read 
spectrophotometrically, and any remaining formulation may interfere with absorbance readings.
The data obtained for NR release in A431 cells does not correlate well with the available in vivo
human skin irritation data, for the same ten formulations. The assay incorrectly identified
I /moderate | .
Lotions 1 and 2 as mild irritants, whereas both formulations were classified as severe irritants in
A
in vivo studies. The assay also incorrectly identified Eye Make-up remover as severe whereas it 
had been classified as weak/mild in vivo. Comparison of data for Moisture Cream was slightly
120
müd/
better but still incorrect ie. classified minimal in vivo and moderate in virro. Similarly, Baby
C m iW j ^
Shampoo was classified strong in vivo and moderate in vitro. The best correlation was found for
'"mild/ 1
Eye Gel, classified mild/moderate in vivo and moderate in vim?.. Howevi^, in vivo human dataA
was not available for every formulation and the quality of the data was questionable. In order to 
establish the NR release assay as a valid in vitro assay for the prediction of skin irritation 
potential, good quality, available in vivo data are required for a range of formulations 
representative of different i i r i ^ t  Classes, before appropriate comparisons can be made.
This assay has the advantage of allowing the testing of insoluble substances in a conventional 
submerged cell culture system. The short exposure times used for the assay, although limited to 
detecting rapidly occuring effects, may prove useful for the screening of neat formulations.
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4.4. Culture of Human Kératinocytes at the Air-Liquid Interface
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4.4. Culture of Human Keratlnocytes at the Air-Liquid Interface
Normal human kératinocytes were grown at the air-liquid interface for 14 days. Data show 
typical results of three experiments using cultures from three different HK strains. Human
çpiB^cU'uiw
kératinocytes grown on a microporous membrane formed a multilayered^^Aer 14 days of culture 
(Figure 4.1), although the formation of a stratum comeum could not be identified. However, 
when the experiment was repeated, again using a microparous membrane as a substrate, cultures 
failed to develop into a multilayered epithelium (Rgure 4.2). Cultures grown on collagen-coated 
inserts also failed to develop beyond a monolayer (Figures 4.3). In the same way cells grown 
submerged on both microporous membranes (Figure 4.4) and collagen-coated inserts failed to 
reproduce the structure of a normal epidermis.
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Figure 4.1. Human kératinocytes grown on a microporous membrane at the air-liquid interface
for 14 days.
Figure 4.2. As for Figure 4.1.
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Figure 4.3. Human kératinocytes grown on a collagen-coated insert and at the air-liquid interface
for 14 days.
#
Figure 4.4. Human kératinocytes grown submerged on a microporous membrane for 14 days.
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Discussion
The results presented in this thesis compare human kératinocytes (HK) cultures grown on 
collagen and those on membrane alone. Cells grown on microporous membrane alone produced 
the best results, in that a multilayered epithelium was formed after 14 day culture at the air- 
liquid interface. However, these results were not reproducible and the absence of a stratum 
comeum suggested that differentiation was incomplete. This is in contrast to data published by 
Rosdy and Claus (1990) who showed the formation of a stratum comeum more than ten layers 
thick, in HK cultures grown for 14 days at the air-liquid interface, on membrane alone. These 
results were reproducible in three sets of cultures originating from three different human skin 
samples. Bemstam et al (1990) have also shown that it is possible to grow human kératinocytes 
without a feeder layer or biological substrata at the air-interface. Their results showed an 
epithelium of normal architecture that had undergone terminal differentiation, including the 
presence of desmosomes, keratohyalin granules, lamellar granules, fîlaggrin-type proteins and 
layers of comified cells. The technique by which samples were processed for histology was 
difficult The microporous membrane became brittle after processing for histology and twisted in 
such a way that it was difficult to cut an accurate section. It is possible that the stratum comeum 
was separated from the rest of the sample during this process.
Differences between cultures grown on inserts alone and those grown on a collagen substrate 
cannot be explained. Williams et al (1988) have reported evidence of a lipid profile, typical of a 
comifying epidermis, in HK cultures grown on collagen coated membranes at the air-liquid 
interface. The lack of uniformity between cultures grown on insert alone must be a major 
limitation of this system. The presence of the microporous membrane makes it difficult to 
visualise the cells under the microscope at each stage.
If results are reproducible this system would be suitable for the testing of non-soluble 
substances. However this system would not be suitable for routine testing of large numbers of 
substances, due to the length of culture time necessary to produce a differentiated epitheliunL
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4.5.1. SDS-Induced Release of Inflammatory Mediators
Introduction
Inflammatory mediator release, from human keratinocyte cultures, was investigated as an 
indicator of irritation potential. The release of leukotriene (LTB^), prostaglandin E2  (PGE2),
leukotriene C4 /D4 /E4  (LTC4 /D 4/E4 ), 15-hydroxyeicosatetraenoic acid (15-HETE) and 
interleukin-la (IL-la) into the medium of normal human keratinocyte cultures was measured, 
following exposure to the known skin irritant, SDS. A cytotoxic response was confirmed by the 
Neutral Red uptake assay.
Results
No interference of the internal standards by culture medium or SDS was observed within the 
range of SDS concentrations tested (70, 140 and 280 pg/ml). Figures 5.1 - 5.5 show that 
extracellular eicosanoid and cytokine levels exhibited a time and dose dependent response. IL- 
l a  and LTB4  showed the greatest magnitude of response, at the top 2 concentrations. At 4 hours 
IL -la  exhibited a 2300% and 9000% increase relative to controls at 140 and 280 p.g/ml, 
respectively (Figure 5.1). LTB4 , at the same time point, elicited a response of 730% at 140 
^ig/ml and 6400% at 280 p.g/ml (Figure 5.2). In contrast extracellular levels of 15-HETE and 
PGE2  only increased by 185% and 205%, respectively at 280 ^ig/ml (Rgures 5.3 and 5.4).
When 2 lower doses were examined it could be seen that levels of LTB4  and PGE2  were the 
greatest At 35 pg/ml the levels were 250% and 150% greater than controls for LTB4  and PGE2 , 
respectively. At 70 ^g/ml these levels increased to 355 % and 235 % (Figures 5.2 and 5.4). In 
contrast levels of IL -la  and 15-HETE were only 120 % and 110 %, respectively, at 70 pg/ml 
(Hgures 5.1 and 5.3).
Levels 6 f  LTG4/D4/E4 , at the control and low doses of SDS, were below the lower sensitivity 
limit (12.5 pg) of the respective radioimmunoassay (Figure 5.5). Consequently data was not 
expressed as a percentage of control values, nor was statistical analysis performed on the data.
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A similar picture to the above was seen following an overnight exposure, although IL -la  levels 
were lower than those seen at 4 hours. Again, when the 2 lower concentrations, 35 and 70 pg/ml 
were investigated it can be seen that LTB^ and PGE^ showed the greatest response. LTB4  
exhibited a 250% and 450% increase relative to control values at 35 and 70 tig/ml, respectively 
(Hgure 5.2). PGE2 , at the same time point, elicited a response of 275% at 35 pg/ml and 415% at 
70 pg/ml (Figure 5.4). Levels of IL -la  and 15-HETE had only increased by 130% and 170%, 
respectively, at 70 pg/inl (Hgures 5.1 and 5.3). There was no evidence of a plateau in the release 
of the various inflammatory mediators at either time point Intracellular levels of IL -la , after an 
overnight incubation with SDS, exhibited a dose dependent decrease with a concomitant 
increase in extracellular levels (Figure 5.6).
The release of each inflammatory mediator (except LTB4 ) was also measured after 1 hour 
exposure to SDS (Figures 5.7 and 5.8). A dose related trend was seen for 15-HETE and PGE2 , 
but no data points were statistically significant compared with controls (Figure 5.7).
Release of eicosanoids and IL^la occurred at each time point above and below the NR^q value. 
These increases, with the exception of IL -la  after a 4 hour exposure to 140 pg/ml SDS, were 
not statistically significant due to considerable inter-experimental variation.
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Figures 5.1 - 5.5. Release of Inflammatory Mediators in Human Keratinocyte Cultures
Legend to Figures 5.1 - 5.5.
Cultures were exposed to SDS for 4 hours ■  or overnight □  . 
Data are the mean of three separate experiments ± SD.
(a) denotes data are from one experiment
range.(b) denotes data are the mean of two separate experiments ±
(c) denotes levels were below the sensitivity of radioimmunoassay.
Initial experiments used triplicate cultures per datum point and a duplicate determimttion 
was performed for each triplicate culture. This was reduced to duplicate cultures for subsequent 
experiments, as inter-culture variation was not greater than 10%.
* denotes a statistically significant difference from controls. Students t test; p<0.05.
Data were calculated as pg inflammatory mediator per tube or well.
Data were expressed as percentage of control values, except for LTC4/D4/E4 , in which case 
data were expressed as pg leukotriene per pg protein.
Figures 5.1 - 5.3. Cultures were prepared from different HK strains. Mean NR50  value 
(concentration producing a 50% reduction in Neutral Red uptake compared with controls) was 
69.6 ±3.1.
r
Figures §!.4. and 8.5. Cultures were prepared from one strain. NR^q value was 70.9 ± 8.25.
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4.5.2. Release of Inflammatory Mediators Produced by Four Test Chemicals 
Introduction
Release of leukotriene (LTB^), prostaglandin E2  (PGE2 ) and interleukin-la (IL-la) was 
measured following exposure of human keratinocyte cultures to 2 -methoxy ethanol, 2 - 
butoxyethyl acetate, benzalkonium chloride and tiibutyltin chloride. The dose levels selected for 
each chemical were based on Neutral Red (NR) data obtained in Section 4.2.
Results
The top concentration of 2-methoxy ethanol (320 mg/ml) was shown to cause a 50% inhibition 
of the PGË2  and IL -la  assay. Whether or not this is a linear response is not known since this 
was the only concentration tested. Top concentrations of the other three chemicals were found to 
have no effect on the enzyme linked immunosorbent assays (ELIS As). Figures 5.9 - 5.20 show 
that the levels of LTB4 , PGE^ and IL -la  exhibited a dose dependent response to all the 
chemicals tested, with a possible plateau in response for LTB^ after exposure to 2 -butoxyethyl 
acetate and tributyltin chloride (Hgures 5.10 and 5.11).
Statistically significant increases in IL -la  levels were seen at 20 mg/ml 2-methoxy ethanol 
(223% increase relative to control values), 100 ng/ml tributyltin chloride (359%), 0.25 mg/ml 2- 
butoxyethyl acetate (317%) (Figures 5.13 - 5.15). These dose levels were non-cytotoxic doses as 
assessed by NR uptake. Significant increases in IL -la  levels were only seen at concentrations of 
benzalkonium chloride, above the NR^q value (Hgure 5.16).
Statistically significant increases in LTB^ were only seen at cytotoxic doses, specifically 320 
mg/ml 2-methoxy ethanol (303%), 4 pg/ml benzalkonium chloride (308%) and 400 ng/ml 
tributyltin chloride (121%) (Figures 5.9, 5.11 and 5.12). Levels of LTB^ were seen to increase 
to a maximum of 225 %, following exposure to 2-butoxyethyl acetate, but these increases were 
not statistically significant (Figure 5.10).
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PGE2  levels were seen to significantly increase at non-cytotoxic doses, in the case of 1.25 pg/ml 
benzalkonium chloride (204%) and 25 ng/ml tributyltin chloride (159%) (Figures 5.19 and 
5.20). No statistically significant increases were seen, in PGE2  levels, after exposure to 2 
methoxy ethanol, over the range of concentrations used (Figure 5.17). The top concentration of 
2-butoxyethyl acetate (9.4 mg/ml) produced an increase of 166 %, but this was not statistically 
significant (Figure 5.18).
Table 5.1 indicates the lowest concentration of chemical producing a statistical increase in 
mediator release and the percentage increase, relative to control values..
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Table 5.1. Release of Inflammatory Mediators Following Overnight Exposure to Test
Chemicals
Chemical
(lig% )
LTB4 PGE2 IL-loc
2-Methoxy ethanol 57100 320000**
(303%)
No sig. 
increase
20000**
(223%)
2-Butoxyethyl acetate 4600 No sig. 
increase
No sig. 
increase
250**
(317%)
Tributyltin chloride 0.28 0.4* 0.025* 0 .1*
(121%) (159%) (360%)
Benzalkonium chloride 3.3 4**(a) 1.25* 4.0*
(308%) (204%) (1967%)
Levels of each mediator were determined in culture medium following an overnight exposure of 
the cultures to the appropriate chemical. Data indicate the lowest concentration producing a 
statistically significant increase. The percentage increase is shown in brackets. Data are the mean 
of three separate experiments, (a) denotes data are the mean of two separate experiments. Each 
datum point within an individual experiment is the mean of duplicate cultures. Data were 
measured as pg inflammatory mediator per well. Data were expressed as the percentage of 
control values.
* denotes significantly different from controls (students t test; p^ 0.05)
" " " " " (students t test; p^ 0 .01)**
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Figures 5.9 - 5.20. Release of Inflammatory Mediators in Human Keratinocyte Cultures
following exposure to Four Test Chemicals
Legend to Figures 5.9 - 5.20.
Cultures were exposed overnight, to each test chemical. 
Data are the mean of three separate experiments ± SD.
(a) denotes data are the mean of two separate experiments ± range.
Each datum point within an individual experiment is the mean of duplicate cultures.
Data were measured as pg inflammatory mediator per well.
Data were expressed as the percentage of control values.
* denotes significantly different from the controls. Students t test; p<0.05.
** denotes significantly different from the controls. Students t test; p<d).01.
*** denotes significantly different from the concis. Students t test; p<0.001.
NRgQ values for each chemical included on the appropriate graphs; values are the mean 
of three separate experiments.
Cultures used for NR and inflammatory mediator studies were prepared from different HK 
strains, in each separate case.
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4.5.3. Discussion
Exposure of human kératinocyte (HK) cultures to SDS suggested that an overnight exposure 
resulted in a greater release of mediator, with the exception of IL-l a ,  which presumably 
reflected an increase in cellular damage. The decrease in the release of IL -la , following an 
overnight exposure is possibly due to the stability of this mediator. There is no apparent 
advantage of an overnight exposure compared to a 4 hour exposure, in the case of SDS. 
However, a 4 hour exposure may prove to be less sensitive and not detect less toxic chemicals.
Statistical analysis of the data employed three methods including, Students t test, analysis of 
variance and paired t test. Inter-experimental variation obscured any statistically significant 
increases in mediator levels, after a 4 hour exposure to 140 pg/ml SDS, with the exception of IL- 
l a .  The inter-experimental variation observed did not seem to be related to the degree of 
confluence, as cultures used for the determination of IL l a ,  LTB^ and 15-HETE release 
exhibited the s ^ e  degree of confluence. However, extracellular levels of PGE2  seemed 
dependent upon the degree of confluence of control cultures; lower levels were associated with 
an increase in confluence. This observation is substantiated by the work of Pentland and 
Needleman (1985) who reported suppression of PGE2  synthesis as keratinocyte cultures 
approached confluence. Inter-sample variation within an individual experiment was comparable 
to that reported by Cohen et al (1^1) for PGE2  and IL-la, standard deviations never exceeded 
20% of the mean. However, these authors did not comment on inter-experimental variation but 
presented data as "a typical experiment from three individual primary cultures". This did not 
indicate whether the cultures were derived from one individual or three separate individuals. The 
data presented for SDS, in this thesis, indicates that inter-experimental variation was of the same 
order of magnitude, irrespective of whether the separate experiments were performed on 
cultures, of the same passage, derived from the same individual (PGE2  and LTC^XD^XE^ or 
from separate individuals (IL-la, 15-HETE and LTB^).
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Variations in differentiation states between different cultures may contribute to inter- 
experimental variation as both IL -la  and arachidonic metabolism exhibit differentiation 
dependent changes in human kératinocytes (Gatto et al, 1991) and in murine kératinocytes 
(Ansel et al, 1990; Cameron et al, 1990). However, culture conditions had been standardised as 
much as feasibly possible in terms of seeding densities and time allowed for growth prior to 
treatment with SDS.
PGs and LTs are not stored in tissues but are biosynthesised from the fatty acid precursor AA, 
upon cell stimulation (Salmon and Higgs, 1987). Therefore the rate limiting step in the 
biosynthesis of PGE^, 15-HETE, LTB^ and L T C ^/D ^^  is die release of membrane bound AA 
from phospholipid stores by phospholipase enzymes (Irvine, 1982). However, De Leo et al 
(1987) have investigated surfactant-induced release of membrane bound AA from HK and 
murine fibroblast cultures. Release occurred within 15 minutes of treatment which may suggest 
a direct lytic effect on the membrane rather than enzyme activation. This response may be 
unique to surfactants which act by reducing surface tension and primarily affect biological 
membranes,
In the case of kératinocytes, IL -la  lacks a hydrophobic leader sequence necessary for it to move 
across the cell membrane, therefore it can only be released following membrane damage (Ansel 
et al, 1990). It is uncertain whether IL -la  is constitutively produced and retained within the 
keratinocyte (McKenzie and Sander, 1990) or whether its formation takes place only in response 
to stimulation (Greaves and Canq), 1988). Hauser et al (1986) have found that IL-1 activity can 
be demonstrated in unstimulated human epidermis and Gahring et al (1985) have found that 
human stratum corneum contains significant IL-1 activity. IL-1 is excreted by natural 
desquamation of stratum corneum and may represent a reservoir of preformed IL-1 in vivo. 
Kupper et al (1986) have shown increased IL-1 activity in human kératinocytes following UV 
irradiation, their data suggests a specific enhancement of IL-1 gene expression. The detection of 
intracellular levels in control cultures in this thesis support the former theory, and no increase
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was observed in intracellular levels following exposure to SDS. Release of IL-1 oc, ie. extracellular 
levels, was not measured at concentrations greater than 280 p.g/ml, so it is inconclusive as to 
whether or not all the IL -la  was released. However, this is in contrast to Cohen et al (1991), 
who showed an increase in intracellular levels of IL -la  with SDS concentrations up to 75 itg/ml, 
suggesting that IL -la  is produced in response to stimulation. Differences in response may be 
explained by the fact that various experimental conditions, including culture medium 
composition, may affect IL -la  levels (Lee ét al, 1991). Very similar conditions were employed 
to release intracellular contents so it is unlikely that this procedure contributed to the observed 
variation.
The reliability of measuring inflammatory mediators to predict toxicity, in a routine assay, is 
questionable in view of the inter-experimental variation seen when testing SDS. This variation 
was not reflected in the NR^q values for the same experiments. These particular mediators were 
selected on the basis of their involvement in the complex mechaitisms of inflammation, LTB^ 
(Camp et al, 1983, 1984), LTC4/D4/E4  (Camp et al, 1983), PGE2  (Crunkhom and Willis, 
1971), 15-HETE (Burrall et al, 1985) and n ^ la  (Dowd et al, 1988). However, the data on their 
release in vitro, following exposure to SDS, appears to only confirm the occurrence of 
membrane damage and, consequently, offers no real advantage over the NR uptake assay. 
Another point to consider is the high cost of ELISA and RIA kits. The NR uptake assay is 
inexpensive, quick and easy to perform and NR^q values are reproducible for different HK 
strains. If toxicity does occur, as indicated by NR uptake data, then it could be assumed that the 
eicosanoids and IL -la  will be released and thus contributing an inflammatory response, without 
the time and expense of measuring the actual release of inflammatory niediators.
The data obtained following exposure of HK cultures to SDS demonstrates the release of 
inflammatory mediators in vitro following chemical insult and therefore the results are 
comparable to the in vivo situation. Eicosanoids and cytokines have been found in suction blister 
fluid of human skin following ultraviolet B iradiation (Soter, 1990).In order to investigate 
whether mediator release was more generally iq)plicable, four other test chemicals, representing
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a range of irritation potentials (CEC, 1989) were selected. Signs of inflammation had been 
detected in humans using cutaneous blood flow values (CBFV) and in animals by the degree of 
erythema, oedema or eschar formation over 3 days. These parameters are related, either directly 
or indirectly, to mediator release.
Inter-experimental variation was slight and statistically significant increases in mediator levels 
were demonstrated, following exposure to the four test chemicals. Neither 2-methoxy ethanol or 
2-butoxyethyl acetate showed an increase in the extracellular level of PGE2 . However the top 
concentration of 2-methoxy ethanol (320 mg/ml) was shown to inhibit the ELISA by 50% and 
so it is possible that an effect has been obscured. It would therefore be wrong to conclude that 2- 
methoxyethanol does not produce an increase in PGE2  levels. An increase in LTB4  levels was 
seen for 2-methoxy ethanol but this was found at the top concentration tested ie. 6  times that of 
the NRgQ value. The highest concentration of 2-butoxyethyl acetate tested was only twice that of 
the NRgQ value. This may explain why one chemical showed an increase and the other did not 
PGE2  has been shown to be a potent vasodilator (Crunkhom and Willis, 1971) and a potent 
inducer of increased blood flow (Johnston et al, 1976). PGE2  is therefore thought to be 
responsible for the erythema of inflammation (Johnston et al, 1976; Williams and Peck, 1977; 
Hawk et al, 1983). Less information on LTB4  is available in the literature but it has been 
suggested that LTB4  has a role in oedema formation. It has been shown to have a direct effect 
on plasma exudation and this effect is enhanced by PGE2  (Higgs et al, 1981). 2-Methoxy 
ethanol and 2 -butoxyethyl acetate have been classified as non-irritants fiom the in vivo data in 
the collaborative study (CEC, 1989). In vivo, in humans, CBFV for both chemicals were not 
significantly different from control values. In animals, erythema and eschar scores for both 
chemicals were 0 , whilst the oedema score for 2-methoxy ethanol (100% v/v) was 0  and that for 
2-butoxyethyl acetate (100% v/v) was 0.05. The absence of visible signs of irritation in vivo was 
therefore confirmed in vitro, in HK cultures, by the absence of an increase in PGE2  and LTB4  
levels.
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In contrast both chemicals exhibited significant increases in IL - la  at low, non-cytotoxic 
concentrations. This suggests that IL-1 may be produced in the infianimatory mechanism, 
without visible signs of inflammation in vivo. However Ansel et al (1990) have reported that 
IL-1 can only be released following membrane damage and so, in this case, it is difficult to 
explain how its release may have occurred. Stimulation of PGE2  synthesis by IL-1 has been 
shown by Dayer (1985) in synovial cells and Pentland and Mahoney (1990) in HK cultures, Raz 
et al (1988) has suggested that this response is mediated primarily, if  not solely, via the 
induction of PG synthetase synthesis. It is possible that, in this case, the levels of IL-1 produced 
by the 2  non-irritants were insufficient to induce PGE2  synthesis.
The two irritant test chemicals significantly increased extracellular levels of PGE2  at non- 
cytotoxic doses, although the levels of LTB4  were not increased until higher (cytotoxic) 
concentrations for both chemicals. Extracellular levels of IL -la  were seen to increase only at a 
cytotoxic dose of benzalkonium chloride, but at a non-cytotoxic dose of tributyltin chloride.
Benzalkonium chlmide has been classified as a mild/moderate irritant in humans and corrosive 
in animals. Tributyltin chloride has been classified corrosive in both animal and humans. In vivo, 
in humans, the total mean CBFV over 24,48 and 72 hours were 18.2 for tributyltin chloride (5% 
v/v) and 17.4 for benzalkortium chloride (10% w/v). This is in contrast to the values seen for 2- 
methoxy ethanol (10% v/v) and 2-butoxyethyl acetate (10% v/v), ie. 5.43 and 6.57 respectively. 
In animals nibutyltin chloride (100%) produced an erythema score of 2.94, an oedema score of 
1.77 and a 14 day eschar score of 3. Benzalkonium chloride (10% w/v) had an erythema score of 
2.65, an oedema score of 1.77 and an eschar score of 3 (CEC, 1989). Another human in vivo 
study by Sondergaard et al (1974) induced primary irritant dermatitis in volunteers, using 10% 
benzalkortium chloride. Perfusates firom inflamed skill were found to contain ng concentrations 
of PGE (not specified whether PGEj or PGE2). As before, when the roles of PGE2  and LTB4  
are considered it can be seen that this in vitro system does indeed reflect the in vivo situation. 
Levels of LTB4  are not raised until higher concentrations, which may imply the preferential
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activation of the cyçlo-oxygenase (CO) pathway first followed by the lipoxygenase pathway. 
Erythema (mediated by PGE2  via the CO pathway) is produced during the early stages of 
inflammation (Johnston et al, 1976; Williams and Peck, 1977; Hawk et al, 1983).
This study offers more promising results than the preliminary study with SDS, particularly as 
changes were seen in mediator levels at non-cytotoxic concentrations and the assays were able to 
distinguish between non-irritants and severe irritants/corrosives. It may be possible to use the 
information generated by the HK culture system to predict, to some extent, mechanisms of 
irritation together with what may happen in the in vivo situation. However, the mechanisms 
of inflammation are extremely complex. Other cell types produce mediators and no individual 
mediator is responsible for the manifestation of one particular visible sign of inflammation. 
Instead the different mediator classes act synergistically within an interlocking mechanism. For 
the purpose of developing new anti-inflammatory drugs for the skin it is important not to focus 
too narrowly on individual components and instead is more useful to consider interactions. 
However for the purpose of this thesis, ie. to find a suitable assay for the prediction of irritation 
potential, the choice of which mediator to investigate can be narrowed dowiL If the assay is to be 
used as a screen to test a large range of chemicals then it is more practicable and cost effective to 
assay one mediator and probably the measurement of PGE2  alone can provide the necessary 
information. The main disadvantage of this type of assay must still be the high cost of the RIA 
and ELISA kits. There is also the problem of obtaining relevant in vivo data before appropriate 
comparisons can be made and once this data is available being able to relate it to the in vitro 
data. It may be possible to correlate the amount of mediator released (pg/ml) with the erythema 
score. It would also be useful to correlate the amount of mediator released in vitro with the 
aniount released in vivo measured in suction blister fluid. However, many more chemicals will 
have to be investigated, in both in vitro and in vivo systems, before definitive conclusions can be 
made.
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5. Final Discussion
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5, Final Discussion
Acid phosphatase (AP) is known to be present in the epiderm is. Niggli and Rothlisberger (1986)
have demonstrated a long term increase in AP activity in human volunteers following exposure to surfactants and 
AP release, measured histologically, has been shown to p^ arallel developing visible signs of irritation in vivo, 
following treatment with SDS (Gibson and Teall, 1983). j jg therefore a useful parameter to investigate in
vitro. The fact that an AP peak response has been demonstrated in HK cultures in vitro, in this
thesis, is encouraging in relation to possible assessment of human skin irritation potential. The
response was shôwn to be specific to kératinocytes. Results compare well with the work of
Gajjar and Benfbrd (1990). Differences in NR uptake were seen for HK and 3T3 cells, which is
probably due to a greater lysosomal content per cell in HK cultures. Further testing showed the
both assays produced an identical ranking of chemicals. This implies that both AP and NR
uptake are equally suitable for predicting the rank order of cytotoxicity. Good rank correlations
were found between the two in vitro assays and in vivo animal data. This implies a relationship
between cytotoxicity measured in vitro and skin irritation in animals and may help to establish
methods of detecting the irritation potential of a chemical based on its cytotoxicity data.
The in vitro cÿtotoxicity assays described in this thesis, have allowed the testing of chemicals 
wlpch exhibited a range of skin irritation potentials. Volatility problems were overcome, to some 
extent, by the use of mineral oil. It was also possible to test compounds that were relatively 
insoluble in culture media by solubilising in the solvents dimethyl sulphoxide and ethanol. The 
assays are quantitative, simple to perform and inexpensive. However, their main disadvantage is 
that they are unsuitable for the testing of insoluble compounds. Further work should investigate 
the testing of many more compounds using these assays.
The NR release assay was investigated as a technique for irritancy testing of insoluble 
formulations using a submerged cell culture system. The known skin irritant, SDS, produced a 
clear dose response in the amount of dye released from A431 cells. The data obtained when the 
formulations were tested did not compare well with the available in vivo human skin irritation 
data. In some cases, for example Eye Make-up Remover, the in vitro system overestimated the
162
irritancy of a formulation. This may be explained by the fact that the in vitro system lacks a 
stratum corneum and therefore will be more sensitive. However, in vivo data were not available 
for every formulation and the quality of the data was questionable. Problems with removing 
formulation, at the end of the exposure period, may be the main disadvantage of this type of 
assay. Inspite of this the assay has the advantage of allowing the testing of insoluble 
formulations in a submerged cell culture system and the short exposure time employed may be 
useful for rapid screening of neat compounds, in order to estimate their relative cytotoxicities.
Air-liquid interface culture has the potential to provide a system, which allows the topical testing 
of compounds on a multilayered epithelium. However, data presented in this thesis demonstrate 
a lack of uniformity. Results are therefore disappointing with the additional problem of being 
time consuming and therefore this system would be considered unsuitable for routine testing.
Primary irritation in human and animal skin is characterised by an inflammatory reaction 
mediated by arachidonate metabolites and cytokines. Inflammatory mediator release in HK 
cultures was measured in addition to cytotoxicity testing, in order to determine an endpoint of 
irritation other than cell death. Aeliminary results with SDS showed a dose related release of 
inflammatory mediators but, in view of the considerable amount of variation between 
experiments, the reliability of Such an assay was questionable. This was in contrast to data from 
the NR uptake assay where inter-experimental variation was negligible. Further tests with four 
more chemicals produced more promising results, particularly as changes were seen in mediator 
levels at non-cytotoxic concentrations and the assays were able to distinguish between non and 
severe irritants. Mediator release data, presented in this thesis, provides information regarding 
the mechanisms involved in the process of irritation. This is the main advantage of this type of 
study over cytotoxicity assays. The main disadvantage of infianimatory mediator studies is that 
they are unsuitable for testing insoluble conqrounds. They are also limited to testing compounds
that do not interfere with thej immunoassay.
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Future work could investigate the release of other cytokines known to be produced by human 
kératinocytes, for example interleukin-6  and -8 , and granulocyte stimulating factor. This, 
together with the use o f selective inhibitors, for exam ple lipocortin , which inhibits 
phospholipase A2 , and benoxaprofen, which inhibits 5-lipoxygenase, may help to further 
elucidate the mechanisms involved in dermal irritation.
Multiple mechanisms are involved in the process of skin irritation and therefore it is unlikely 
that one in vitro assay alone would be able to predict human skin irritancy effectively. Data from 
this thesis suggest that the combination of a cytotoxicity assay and an inflammatory mediator, 
for example prostaglandin £ 2 * release assay may prove useful in a battery for routine screening 
of compounds. The cytotoxicity assay would provide preliminary information on the relative 
potency of a new compound. Inflammatory mediator studies would follow on from this 
providing a slightly more sophisticated testing system, that is directly related to irritancy. 
The main obstacle to the successful development of replacement irritancy assays is the lack of 
relevant m vivo data on an extensive range of chemicals. Correlations with such data are 
essential to the validation of these assays. However, inflammatory mediator release assays are 
based on the underlying mechanisms of irritation and as such comparisons with in vivo data are 
not essential.
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